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Clinical and imaging analysis to evaluate 
the response of patients with anti-DPPX 
encephalitis to immunotherapy
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Abstract 

Background: To report the main spectrum and new clinical and imaging characteristics of dipeptidyl‑peptidase‑like 
protein 6 (DPPX) antibody‑associated encephalitis, and to evaluate the effect of immunotherapy.

Methods: A retrospective analysis of nine patients with anti‑DPPX encephalitis was performed, and all previously 
reported cases in the literature were reviewed. A cell‑based indirect immunofluorescence assay using human embry‑
onic kidney 293 cells transfected with DPPX was used.

Results: Nine patients were identified (median age, 51 years; range, 14–65 years) with prodromal fever, diarrhea, or 
weight loss, followed by rapid progressive encephalopathy characterized by cognitive disorder. One patient who 
received methylprednisolone therapy and a trial of tacrolimus showed substantial improvement and had no relapse 
by the 6‑month follow‑up. Our comprehensive literature review demonstrated that 53 cases were reported, of which 
more than half had prodromal weight loss (52.8%) and gastrointestinal disorders (58.5%). Cognitive disorders (74.6%) 
and brainstem/spinal cord disorders (75.5%) were the most common major symptoms. A greater proportion of 
Chinese patients than non‑Chinese patients had abnormalities on brain magnetic resonance imaging specific for 
encephalitis (70.0% vs. 23.3%, P < 0.001). Our study is the first to report three patients with anti‑DPPX encephalitis 
who had sleep disorders with rapid eye movement sleep behavior disorder, limb paralysis (two), severe pleocytosis, 
elevated protein levels (two) in the cerebrospinal fluid, and increased T2/FLAIR signal abnormalities in the bilateral 
hippocampus, temporal lobe, amygdala, basal ganglia, thalamus, centrum semiovale, and frontal and parietal lobes in 
seven patients (77.8%).

Conclusion: Our study expands the clinical and imaging phenotypes of anti‑DPPX encephalitis. Further studies 
elucidating the entire clinical spectrum of anti‑DPPX encephalitis, its pathogenic mechanisms, and prognosis under 
long‑term immunosuppressive therapy are warranted.

Keywords: Anti‑DPPX encephalitis, Clinical and imaging spectrum, Immunotherapy

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Autoimmune encephalitis, which is usually sensitive to 
immunotherapy, is a group of inflammatory diseases 
mediated by antibodies against the neuronal surface 

and synaptic proteins, receptors, and ion channels [1]. 
Newly identified antibodies for autoimmune encephalitis 
include metabotropic glutamate type 5 [2], gamma-amin-
obutyric acid receptor type A [3], and dipeptidyl pepti-
dase-like protein 6 (DPPX) antibody [4].

DPPX, a cell surface regulatory subunit of the volt-
age-gated A-type Kv4.2 potassium channel, is expressed 
in neuronal somata and dendrites. It is localized to the 
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hippocampus, cerebellum, and myenteric plexus [5, 6], 
and its related autoimmunity presents with a multire-
gional neurological phenotype. Anti-DPPX encephalitis 
is a rare type of autoimmune encephalitis, first described 
by Boronat et  al. in 2013, and is caused by cell surface 
DPPX autoantigens [4]. Clinically, this disease is charac-
terized by memory loss, agitation, confusion, psychiatric 
symptoms, seizures, tremors, myoclonus, ataxia, diar-
rhea, and weight loss [4, 7, 8]. Immunotherapy is widely 
used in the majority of patients with anti-DPPX encepha-
litis and may be beneficial to most patients regardless of 
the duration of symptoms. To date, only a few cases of 
anti-DPPX encephalitis have been reported, and little is 
known about the clinical spectrum and treatment out-
comes of this disease. Thus, the diagnosis and treatment 
of anti-DPPX encephalitis remain challenging based on 
the variety of clinical symptoms and signs.

Here, we report the clinical features and imaging char-
acteristics of nine patients with anti-DPPX encephalitis 
and investigate their responses and outcomes following 
treatment using several immunotherapy strategies. We 
also reviewed all previously reported cases to expand the 
clinical and imaging phenotypes, aiming to offer new rec-
ommendations for immunological treatment.

Methods
Patients
This study included nine patients admitted to the Depart-
ment of Neurology, Tongji Hospital, Wuhan, China, 
from December 2018 to December 2019. Service-tested 
patient sera and cerebrospinal fluid (CSF) were found to 
be positive for anti-DPPX antibodies. Cranial magnetic 
resonance imaging (MRI) was performed in all patients. 
Clinical information was obtained from certified neurol-
ogists through a structured written questionnaire (Sup-
plementary data). The patients’ clinical characteristics are 
described in detail below and summarized in Table 1.

This study was approved by the Ethics Committee 
of Tongji Hospital and written informed consent was 
obtained from all patients or their representatives before 
enrollment for the use of serum, CSF, and clinical infor-
mation for research purposes.

Serologic and CSF studies
Serum was obtained from all nine patients, and paired 
CSF specimens were obtained from six patients. Anti-
DPPX antibodies were detected using a cell-based indi-
rect immunofluorescence assay with human embryonic 
kidney 293 (HEK293) cells transfected with DPPX as 
previously reported [4]. Biochips (Euroimmun, Lübeck, 
Germany) presented the DPPX-antigen in fixed HEK 
293 cells. HEK293 cells were transfected with plasmids 
containing pDNA3 and the human DPPX gene using 

Lipo2000 (Invitrogen, Carlsbad, CA, USA). After incu-
bation for 2–3 days, the reactivity of the antibodies was 
detected using patient serum or CSF (dilutions were 
1:40/1:2) using a fluorescein isothiocyanate-conjugated 
goat antibody (Sigma, St Louis, USA) according to the 
manufacturer’s instructions. The serum and/or CSF were 
tested for the following antibodies associated with para-
neoplastic syndromes and autoimmune inflammatory 
disorders: N-methyl-D-aspartate (NMDA), alpha-amino-
3-hydroxy-5-methylisoxazole-4-propionate1 (AMPA1), 
AMPA2, leucine-rich glioma-inactivated 1 (LGI1), 
γ-aminobutyric acid B (GABAB), contactin-associated 
protein-like 2 (Caspr2), IGLON5, aquaporin-4 (AQP-
4), myelin oligodendrocyte glycoprotein (MOG), and 
glial fibrillary acidic protein (GFAP)-method: cell-based 
immunofluorescence assay (Euroimmun, Lübeck, Ger-
many); Hu, Yo, Ri, Ma2, CV2 and Amphiphysin-method: 
EUROLINE PNS 12 Ag (Euroimmun, Lübeck, Germany).

Review of reported patients with anti‑DPPX antibodies
We reviewed all previous cases (44) reported until Sep-
tember 2020, where anti-DPPX antibodies were detected 
to evaluate the spectrum of symptoms, response to treat-
ment, and imaging characteristics.

Statistical analysis
All statistical analyses were performed using SPSS soft-
ware 16.0. Continuous variables are reported as median 
(range, minimum–maximum) and were compared using 
the Mann–Whitney U test. Categorical variables are rep-
resented as percentages and frequencies and were com-
pared using the chi-squared test or two-tailed Fisher’s 
exact test. Statistical significance was set at P < 0.05.

Results
Demographic and clinical features
The main clinical findings of the nine identified patients 
are summarized in Table 1. Six patients were women, and 
the median age at onset was 51 years (range, 14–65 years). 
Five patients had prodromal headache, four had fever, 
three had severe diarrhea, and two had weight loss. The 
development of neurological disorders progressed for a 
median of 1 month (insidious in four, subacute in three, 
and acute in two). Patients developed rapidly progres-
sive encephalopathy characterized by cognitive disorder 
or memory loss (7), accompanied by sleep disorders, 
including insomnia, rapid eye movement sleep behav-
ior disorder (RBD) (3), and limb paralysis (2). Examina-
tion revealed nystagmus (2) and hyperreflexia (3). Tumor 
screening detected B-cell non-Hodgkin’s lymphoma in 
one patient (case 6), and micropapillary carcinoma of 
the thyroid was found during the course of the disease in 
another patient (case 3).
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Routine blood work results were normal in all nine 
patients. CSF data were available for all patients; white 
cell counts were elevated in two patients (370 and 
220 ×  106/L, normal range, 0–8 ×  106/L) and protein lev-
els were elevated in four patients (549 mg/L, 2096 mg/L, 
958 mg/L, and 609 mg/L; normal range, 150–450 mg/L) 
without evidence of any infectious agents. As shown 
in Fig.  1, anti-DPPX antibodies were also detected by 
immunofluorescence in nine patients (nine serums and 
six CSF specimens). All patients showed anti-DPPX anti-
body seropositivity, whereas three CSF specimens were 
anti-DPPX antibody-positive (1:3.2, 1:10, and 1:1, respec-
tively). Tests for other antibodies associated with para-
neoplastic syndromes and autoimmune inflammatory 
disorders were negative in all patients, except for patient 
5, where highly positive titers for autoantibodies against 
GFAP (serum: 1:320; CSF: 1:10) were noted.

Responses to treatment
All patients in whom anti-DPPX antibodies were 
detected received multiple immunotherapies. Five 
patients received intravenous methylprednisolone (1 g 
for 3 days, 500 mg for 3 days, 240 mg for 3 days, and 
120 mg for 3 days), followed by oral 80 mg prednisolone 
(slowly tapered over 6 months to 5 mg daily). All symp-
toms, including memory loss, tremor, and ataxia, showed 
marked improvement. However, as prednisolone was 
slowly tapered over 6 months to 5 mg daily, two patients 
experienced a relapse of symptoms (patient 9, serum 
titer of 1:10 before immunotherapy, serum titer of 1:32 
at follow-up after 10 months). Only one patient received 
oral steroids owing to the presentation of mild symp-
toms that subsequently resolved, except for very slight 
ataxia during the heel-to-toe test. A single treatment 
with intravenous (IV) methylprednisolone and a course 
of IVIg (0.4 g/kg/dose × 5 days), however, produced only 
an incomplete effect. All but two patients (patients 4 and 
6) showed marked improvement immediately after one 

course of high-dose IVMP. Patients 4 and 6 did not dem-
onstrate satisfactory improvement after one course of 
IVMP treatment, which was followed by a trial of tacroli-
mus (3 mg, bid) or rituximab (two cycles every 3 months, 
375 mg/m2), respectively, and the patients had substantial 
recovery after 6 months of follow-up.

Brain MRI changes in patients with anti‑DPPX antibodies
Abnormalities were reported in the brain MRIs of eight 
patients, seven of whom had abnormalities specific to 
encephalitis. Only one patient showed nonspecific white 
matter changes. Figure 2A-C shows increased T2/FLAIR 
signals in the bilateral hippocampus, temporal lobe, 
and amygdala. T2/FLAIR signals in the right basal gan-
glia, thalamus, and left centrum semiovale and exten-
sive abnormalities in the frontal and parietal lobes were 
observed (Fig. 2D-F). Changes in the functional cortical 
and basal ganglia regions mentioned above are very com-
mon in encephalitis, which could lead to symptoms such 
as cognitive dysfunction, ataxia, nystagmus, sleep disor-
ders, mood disorders, autonomic symptoms, limb paraly-
sis, and extrapyramidal symptoms.

Summary of anti‑DPPX encephalitis syndrome spectrum
From the discovery of anti-DPPX encephalitis until Sep-
tember 2020, 44 affected patients have been reported 
[4, 7–16]. Including our nine patients (a total of 53), 
the median age of all patients was 52 years (range, 
13–76 years), and 34 (63%) were male. Only three patients 
were aged < 18 years (13, 14, and 15 years).

As shown in Table 2, prodromal headache occurred in 
six patients (11.3%), weight loss in 28 patients (52.8%), 
and gastrointestinal disorders (including diarrhea, gastro-
paresis, constipation, and abdominal pain) in 31 patients 
(58.5%). Cognitive disorders (74.6%) and brainstem/spi-
nal cord disorders, including abnormal eye movement, 
dysphagia, stiffness, dysarthria, respiratory failure, ver-
tigo, and hyperekplexia (75.5%), were the most common 

Fig. 1 Immunofluorescence in serum and CSF in patient with anti‑DPPX encephalitis. Positive reaction with transfected HEK 293 cells expressing 
DPPX with serum (A) (titer: 1: 1000); and with CSF (B) (titer: 1:10). (C) A negative control
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main symptoms of anti-DPPX encephalitis. Other com-
mon indications included myoclonus or tremors (49.1%), 
mood disorders (41.5%), sleep disorders (39.6%), dysau-
tonomia (37.7%), cerebellar ataxia (34%), and psychosis 
(28.3%). Seven patients (12.2%) had generalized seizures 
and two (3.8%) had limb paralysis.

Tumors were identified in eight patients (one with 
mantle cell lymphoma, four with B-cell non-Hodgkin 
lymphoma, one with B-cell chronic lymphocytic leu-
kemia, one with breast adenocarcinoma, and one with 
micropapillary carcinoma of the thyroid).

Patients with anti-DPPX encephalitis might have 
elevated white cell counts and protein levels in the CSF 
(42.9%); however, no evidence of infectious agents was 
found. Tests for other antibodies associated with auto-
immune inflammatory disorders were negative in all 
but two cases. In one patient, highly positive titers for 
autoantibodies against GFAP (serum: 1:320; CSF: 1:10) 
were detected, whereas AQP4 antibodies were found in 
the serum (1:375) but not in the CSF of the other patient 
[14].

Multiple immunotherapies were administered to 45 
(81.1%) patients. Forty-seven patients underwent follow-
up, including eight patients who did not receive immu-
notherapy; 23 (48.9%) had marked improvement, nine 
(19.1%) had incompletely resolved issues, nine (19.1%, 
including six treated without immunotherapy) had no 
improvement, and six (12.8%, including two without 
immunotherapy) patients died. Ten patients (21.3%) 
experienced clinical relapse, mostly during steroid 
tapering. Seven of these patients subsequently received 
immunosuppressants (rituximab, cyclophosphamide, or 
tacrolimus); all showed clinical improvement, whereas 
the other three patients had poor outcomes (two died, 
one had clinical progression).

Although not specified, we divided the reported cases 
into Chinese (n = 10) and non-Chinese (n = 43) sub-
groups according to the corresponding author’s address. 
As shown in Table S1, a greater proportion of Chinese 
patients than non-Chinese patients had abnormalities 
on brain MRI specific for encephalitis (70.0% vs. 23.3%, 
P < 0.001). No significant differences were found with 

Fig. 2 Brain T2/ FLAIR axial MRI specific changes of the patients with DPPX antibodies. A Mild increased T2/FLAIR signals of the bilateral 
hippocampus (Patient 1); B T2/FLAIR increased signals of the bilateral temporal lobe and hippocampus (Patient 9); C Mild T2/FLAIR increased signals 
of the bilateral amygdala (Patient 2); D Increased T2/FLAIR signals in the right basal ganglia and thalamus (Patient 7); E T2/FLAIR increased signals of 
the left centrum semiovale (Patient 4); F Extensive abnormal T2/FLAIR signals in the bilateral frontal lobe and parietal lobe (Patient 6)
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regard to sex, median age at disease onset, character-
istic clinical features, concurrent tumor, elevated CSF 
white cell counts and protein levels, percentage of posi-
tive oligoclonal bands and positive CSF DPPX antibody, 
non-specific brain MRI changes and response to acute-
stage treatment, relapse or motality rate between the two 
subgroups.

Discussion
DPPX, a widely expressed cell surface neuronal autoan-
tigen, is a regulatory subunit of the voltage-gated Kv4.2 
potassium channel complex [4, 17, 18]. DPPX proteins 
are distributed in both the nervous and enteric systems, 
including the hippocampus, cerebellum, cortex, brain-
stem, and submucous plexus neurons [4, 8, 17], which 
may lead to prominent manifestations, including enceph-
alopathy, sleep disturbance, and gastrointestinal symp-
toms [18]. Although 44 cases of anti-DPPX encephalitis 
have been reported and studied, the clinical and imaging 
characteristics, mechanisms, and treatment strategies of 
this disease remain poorly understood. Here, we report 

nine new patients with anti-DPPX encephalitis and 
review all previously reported cases.

Anti-DPPX encephalitis is an extremely rare condition 
with a lack of classical radiological features. The diag-
nosis of anti-DPPX encephalitis remains challenging in 
clinical practice, and we tested for neural autoantibod-
ies related to other more common types of autoimmune 
encephalitis, paraneoplastic syndromes, and anti-medul-
lary diseases as a lab workup panel to rule out differen-
tial diagnoses, which increased the economic burden on 
the patients. As shown in Table 2, the clinical presenta-
tion of our cases was dominated by cognitive disorders, 
including memory loss (77.8%). The majority of patients 
had gastrointestinal symptoms (44.4%) and sleep disor-
ders (44.4%), the features of which were similar to those 
previously reported (memory loss, 72.7%; gastrointestinal 
symptoms, 61.4%; sleep disorders, 38.6%). The atypical 
nature of clinical manifestations such as prodromal gas-
trointestinal symptoms and sleep disorders, along with 
encephalitis-related symptoms, such as memory loss, 
might be a clue for anti-DPPX encephalitis. Thus, we 

Table 2 Neurologic characteristics of 53 patients with DPPX antibodies

Abbreviations: DPPX dipeptidyl-peptidase-like protein-6, MRI Magnetic Resonance Imaging
a  Abnormal eye movement; dysphagia; stiffness; dysarthria; respiratory failure; vertigo; hyperekplexia
b  Delirium; hallucination; delusion
c  Insomnia; hypersomnia; RBD
d  Depression; anxiety; apathy; appetite loss
e  Diarrhea; gastroparesis; constipation; abdominal pain
f  Diaphoresis; temperature dysregulation; urinary symptoms

No. (%)

Previous reported (n = 44) Ours (n = 9) Sum (n = 53)

Characteristics

 Cognitive disorders 32 (72.7) 7 (77.8) 39 (73.6)

 Brainstem or spinal cord  disordersa 36 (81.8) 4 (44.4) 40 (75.5)

 Cerebellar ataxia 16 (36.4) 2 (22.2) 18 (34.0)

 Myoclonus or tremor 23 (52.3) 3 (33.3) 26 (49.1)

 Limb paralysis 0 (0) 2 (22.2) 2 (3.8)

  Psychosisb 14 (31.8) 1 (11.1) 15 (28.3)

 Headache 1 (2.3) 5 (55.6) 6 (11.3)

 Weight loss 25 (56.8) 3 (33.3) 28 (52.8)

 Sleep  disordersc 17 (38.6) 4 (44.4) 21 (39.6)

 Mood  disordersd 19 (43.2) 3 (33.3) 22 (41.5)

 Gastrointestinal  symtomse 27 (61.4) 4 (44.4) 31 (58.5)

 Seizures 5 (11.4) 2 (22.2) 7 (12.2)

  Dysautonomiaf 17 (38.6) 3 (33.3) 20 (37.7)

 CSF elevated white cell account 16/33 (48.5) 2 (22.2) 18/42 (42.9)

 CSF elevated proteins 8/19 (42.1) 4 (44.4) 12/28 (42.9)

 Brain MRI abnormalities 9 (20.5) 8 (88.9) 17 (32.1)

 Brain MRI specific changes 1 (2.3) 7 (77.8) 8 (14.1)

 Tumor Screening 5 (11.4) 2 (22.2) 7 (13.2)
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recommend routine screening for anti-DPPX antibodies 
for patients with the above suspicious clues.

With an increasing number of new patients, the spec-
trum of anti-DPPX encephalitis is likely to expand 
further. First, a noteworthy clinical feature was limb 
paralysis in two of our nine patients (22.2%), while the 
trunk and limbs were never severely involved in the pre-
viously reported 44 patients. Moreover, increasing evi-
dence indicates a strong association between RBD and 
Parkinson’s disease, dementia with Lewy bodies (DLB), 
and voltage-gated potassium channel antibody-associ-
ated limbic encephalitis, principally against CASPR2 and 
LGI1 [19–22]. In our case series, we first reported three 
patients with anti-DPPX encephalitis who had a sleep 
disorder with features characteristic of RBD. Second, 
previously reported cases showed only mild pleocytosis 
(130 cells/μL, maximum) and elevated CSF protein lev-
els (820 mg/L, maximum). In contrast, the changes were 
severe in our two cases (WBC count, 220 and 370 cells/
μL; protein level, 2096 mg/L, maximum). Third, of the 44 
previously reported patients, only nine had abnormali-
ties on brain MRI; the changes were mostly nonspecific, 
including white matter changes and temporal lobe or 
hippocampal atrophy [23, 24]. Doherty suggested that 
FDG-PET showed increased FDG activity in the left 
medial, right lateral, and bilateral inferior recti, corre-
lating with slow the phases of horizontal (LB) and verti-
cal (UB) nystagmus [10]. Zhou et  al. reported markedly 
decreased metabolic activity in the bilateral mesial tem-
poral lobes (especially on the left side) on 18F-FDG PET-
MR [13]. Increased T2/FLAIR signal abnormalities in the 
bilateral hippocampus, temporal lobe, amygdala, basal 
ganglia, thalamus, centrum semiovale, frontal lobe, and 
parietal lobe specific for encephalitis were observed in 
seven cases in our series (77.8%), which could explain the 
symptoms of limb paralysis. Meanwhile, in our pooled 
analysis, there was no statistical difference between the 
Chinese and non-Chinese patients, except for the per-
centage of specific brain MRI abnormalities, which were 
reported to occur more frequently in Chinese patients 
with anti-DPPX than in non-Chinese patients. How-
ever, the underlying reason remains unclear. These find-
ings could enrich the understanding of the pattern of 
this relatively rare disease, enabling more comprehensive 
recognition of new cases. Therefore, in the context of an 
unclear etiology and various manifestations, anti-DPPX 
encephalitis should be considered.

Paraneoplastic and autoimmune encephalitis may 
occur with the use of antibodies against neural or 
glial antigens. Bien reported a case of paraneoplas-
tic occurrence of antibodies against DPPX and AQP-4 
in a patient with breast cancer and encephalitis [14]. 
Unlike the AQP-4 antibody, GFAP astrocytopathy is a 

meningoencephalomyelitis characterized by the detec-
tion of immunoglobulin G against GFAP in the CSF. 
Coexisting autoantibodies detected in the same patient, 
sometimes with a paraneoplastic cause, was called an 
overlapping syndrome [25–28]. We reported a 14-year-
old patient with autoantibodies against both DPPX and 
GFAP; however, no tumor was detected within 1 year of 
follow-up. Therefore, further studies are required.

Patients with anti-DPPX encephalitis appear to 
respond well to early initiated immunotherapy, including 
IVMP or oral steroids, and relapse accompanies steroid 
tapering; therefore, long-term immunosuppressant ther-
apy is needed to sustain optimal neurologic outcomes [4, 
7, 8, 16]. Since consensus treatment guidelines for anti-
DPPX encephalitis are not yet available, in our center, we 
developed a strategy based on the severity of the disease 
and tolerance of every single patient, which led to a wide 
range of steroid doses and treatment courses. Although 
rituximab alone or in combination with other therapies 
(cyclophosphamide or azathioprine) has been reported 
to be highly effective in numerous autoimmune disorders 
[29–31], as observed in our study and previous studies, 
its high costs and/or intolerable adverse events (deadly 
infections, granulocytopenia, and progressive multifocal 
leukoencephalopathy) interfere with its wide application.

Tacrolimus, a calcineurin inhibitor and first-line immu-
nosuppressive drug, prevents organ and tissue rejection 
following transplantation [32–34] and promotes long-
term safety and efficacy against myasthenia gravis [35] 
and neuromyelitis optica spectrum disorder [36]. Addi-
tionally, few reports have described tacrolimus therapy 
for autoimmune encephalitis, and we observed that most 
of the adverse events of tacrolimus were minor and well-
managed [37]. Thus, we demonstrated the possibility of 
sequential steroid treatment (IVMP) with tacrolimus for 
anti-DPPX encephalitis. The patient had no relapse dur-
ing the 6-month follow-up. Our research suggests that 
tacrolimus may be a promising immunosuppressant for 
anti-DPPX encephalitis. However, due to the relatively 
low incidence of this disease, there was only data from 
one patient; further observations and investigations are 
required to assess and confirm this beneficial effect.

Conclusions
We conducted a retrospective study of patients with 
anti-DPPX encephalitis and reviewed previously 
reported cases. Our study expands the clinical and 
imaging phenotype of anti-DPPX encephalitis and 
reports symptoms of RBD and limb paralysis, severe 
pleocytosis, elevated protein levels in CSF, and spe-
cific abnormalities on cerebral MRI. We believe that 
our study significantly contributes to an improved 
understanding of anti-DPPX encephalitis, presents 
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novel therapeutic strategies, and provides some clues 
for clinicians to recognize this rare condition to avoid 
misdiagnosis, decrease economic waste in unneces-
sary antibody tests, and encourage further in-depth 
mechanical studies. This study had some limitations. 
This was a single-center retrospective observational 
study, and because of the relatively low incidence of this 
disease, the molecular mechanisms underlying anti-
DPPX encephalitis were not elucidated in our study. 
Furthermore, we consider it very important and neces-
sary to discover a specific immunomodulator treatment 
strategy and to design a clinical trial for anti-DPPX 
encephalitis, but due to the neglect of a relatively large 
account of case reports and lack of in-depth mechanical 
studies, it is still challenging. Further studies elucidat-
ing the exact pathogenic roles and associated clinical 
spectrum are warranted to confirm the effect of immu-
nosuppressive therapy.

Abbreviations
DPPX: Dipeptidyl‑peptidase‑like protein 6; RBD: Rapid eye movement sleep 
behavior disorder; CSF: Cerebrospinal fluid; MRI: Magnetic resonance imaging; 
HEK293: Human embryonic kidney 293; NMDA: N‑methyl‑D‑aspartate; AMPA: 
alpha‑amino‑3‑hydroxy‑5‑methylisoxazole‑4‑propionate; LGI1: leucine‑rich 
glioma‑inactivated 1; GABAB: γ‑aminobutyric acid B; Caspr2: Contactin‑associ‑
ated protein‑like 2; GFAP: Glial fibrillary acidic protein; IV: Intravenous.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12883‑ 022‑ 02649‑7.

Additional file 1: Table S1. Comparison of demographic, clinical and 
neuroradiological characteristics between Chinese and non‑Chinese 
subgroups.

Acknowledgements
We would like to thank Editage (www. edita ge. cn) for English language editing. 
We thank Wuhan Kindstar Diagnostics Co., Ltd., Wuhan, China, for technical 
support. All authors have no disclosures and no conflict of interest to declare.

Authors’ contributions
ZL designed this research. JX and PF were responsible for acquiring and 
analyzing the clinical data. JX was responsible for drafting the manuscript and 
figures. ZL revised the manuscript. All the authors reviewed and approved the 
final manuscript.

Funding
This work was supported by the Independent Innovation Research Fund of 
Huazhong University of Science and Technology (No.2016YXMS109). The neural 
autoantibody testing and the analysis of data were supported by the funding.

Availability of data and materials
The datasets that support the findings of the study are available from the cor‑
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committee of Tongji Hospital, and 
written informed consent was obtained from all patients or their surrogates 

before enrollment, for the use of serum, CSF, and clinical information for 
research purposes.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 30 November 2020   Accepted: 20 March 2022

References
 1. Posova H, Horakova D, Capek V, Uher T, Hruskova Z, Havrdova E. Periph‑

eral blood lymphocytes immunophenotyping predicts disease activity in 
clinically isolated syndrome patients. BMC Neurol. 2017;17(1):145.

 2. Petit‑Pedrol M, Armangue T, Peng X, Bataller L, Cellucci T, Davis R, 
et al. Encephalitis with refractory seizures, status epilepticus, and 
antibodies to the GABAA receptor: a case series, characterisation of 
the antigen, and analysis of the effects of antibodies. Lancet Neurol. 
2014;13(3):276–86.

 3. Lancaster E, Martinez‑Hernandez E, Titulaer MJ, Boulos M, Weaver S, 
Antoine JC, et al. Antibodies to metabotropic glutamate receptor 5 in the 
Ophelia syndrome. Neurology. 2011;77(18):1698–701.

 4. Boronat A, Gelfand JM, Gresa‑Arribas N, Jeong HY, Walsh M, Roberts K, 
et al. Encephalitis and antibodies to dipeptidyl‑peptidase‑like protein‑6, a 
subunit of Kv4.2 potassium channels. Ann Neurol. 2013;73(1):120–8.

 5. Wada K, Yokotani N, Hunter C, Doi K, Wenthold RJ, Shimasaki S. Dif‑
ferential expression of two distinct forms of mRNA encoding mem‑
bers of a dipeptidyl aminopeptidase family. Proc Natl Acad Sci U S A. 
1992;89(1):197–201.

 6. Nadal MS, Ozaita A, Amarillo Y, Vega‑Saenz de Miera E, Ma Y, Mo W, 
et al. The CD26‑related dipeptidyl aminopeptidase‑like protein DPPX 
is a critical component of neuronal A‑type K+ channels. Neuron. 
2003;37(3):449–61.

 7. Hara M, Ariño H, Petit‑Pedrol M, Sabater L, Titulaer MJ, Martinez‑Hernan‑
dez E, et al. DPPX antibody‑associated encephalitis: Main syndrome and 
antibody effects. Neurology. 2017;88(14):1340–8.

 8. Tobin WO, Lennon VA, Komorowski L, Probst C, Clardy SL, Aksamit 
AJ, et al. DPPX potassium channel antibody: frequency, clini‑
cal accompaniments, and outcomes in 20 patients. Neurology. 
2014;83(20):1797–803.

 9. Stoeck K, Carstens PO, Jarius S, Raddatz D, Stöcker W, Wildemann B, et al. 
Prednisolone and azathioprine are effective in DPPX antibody‑positive 
autoimmune encephalitis. Neurol Neuroimmunol Neuroinflamm. 
2015;2(3):e86.

 10. Doherty L, Gold D, Solnes L, Probasco J, Venkatesan A. Anti‑DPPX 
encephalitis: prominent nystagmus reflected by extraocular muscle FDG‑
PET avidity. Neurol Neuroimmunol Neuroinflamm. 2017;4(4):e361.

 11. Wijntjes J, Bechakra M, Schreurs MWJ, Jongen JLM, Koppenaal A, Titulaer 
MJ. Pruritus in anti‑DPPX encephalitis. Neurol Neuroimmunol Neuroin‑
flamm. 2018;5(3):e455.

 12. Valero‑Lopez G, Martin‑Fernandez JJ, Hernandez‑Clares R, Baidez‑Guer‑
rero AE, Martinez‑Hernandez E. Progressive encephalitis due to anti‑DPPX 
antibodies: a case with good response to treatment with rituximab. Rev 
Neurol. 2017;65(11):525–6.

 13. Zhou Q, Zhu X, Meng H, Zhang M, Chen S. Anti‑dipeptidyl‑peptidase‑
like protein 6 encephalitis, a rare cause of reversible rapid progressive 
dementia and insomnia. J Neuroimmunol. 2020;339:577114.

 14. Bien CG, Schanzer A, Dargvainiene J, Dogan‑Onugoren M, Woermann F, 
Strickler A. Co‑occurrence of antibodies against dipeptidyl‑peptidase‑like 
protein‑6 and aquaporin‑4 during a case of paraneoplastic encephalitis. 
Clin Neurol Neurosurg. 2020;197:106093.

 15. Balint B, Jarius S, Nagel S, Haberkorn U, Probst C, Blöcker IM, et al. Progres‑
sive encephalomyelitis with rigidity and myoclonus: a new variant with 
DPPX antibodies. Neurology. 2014;82(17):1521–8.

 16. Piepgras J, Höltje M, Michel K, Li Q, Otto C, Drenckhahn C, et al. Anti‑DPPX 
encephalitis: pathogenic effects of antibodies on gut and brain neurons. 
Neurology. 2015;85(10):890–7.

https://doi.org/10.1186/s12883-022-02649-7
https://doi.org/10.1186/s12883-022-02649-7
http://www.editage.cn


Page 9 of 9Xiao et al. BMC Neurology          (2022) 22:129  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 17. Clark BD, Kwon E, Maffie J, Jeong HY, Nadal M, Strop P, et al. DPP6 localiza‑
tion in brain supports function as a Kv4 channel associated protein. Front 
Mol Neurosci. 2008;1:8.

 18. Birnbaum SG, Varga AW, Yuan LL, Anderson AE, Sweatt JD, Schrader 
LA. Structure and function of Kv4‑family transient potassium channels. 
Physiol Rev. 2004;84(3):803–33.

 19. Iranzo A, Graus F, Clover L, Morera J, Bruna J, Vilar C, et al. Rapid eye 
movement sleep behavior disorder and potassium channel antibody‑
associated limbic encephalitis. Ann Neurol. 2006;59(1):178–81.

 20. Silber MH. Autoimmune sleep disorders. Handb Clin Neurol. 
2016;133:317–26.

 21. Çoban A, Ismail Küçükali C, Bilgiç B, Yalçınkaya N, Haytural H, Ulusoy 
C, et al. Evaluation of incidence and clinical features of antibody‑asso‑
ciated autoimmune encephalitis mimicking dementia. Behav Neurol. 
2014;2014:935379.

 22. Lin YQ, Chen SD. RBD: a red flag for cognitive impairment in Parkinson’s 
disease? Sleep Med. 2018;44:38–44.

 23. Heine J, Prüss H, Bartsch T, Ploner CJ, Paul F, Finke C. Imaging of autoim‑
mune encephalitis‑‑Relevance for clinical practice and hippocampal 
function. Neuroscience. 2015;309:68–83.

 24. Karim AR, Jacob S. Experience with newer central nervous system 
autoantibodies. Ann Clin Biochem. 2018;55(1):7–17.

 25. Shan F, Long Y, Qiu W. Autoimmune glial Fibrillary acidic protein Astrocy‑
topathy: a review of the literature. Front Immunol. 2018;9:2802.

 26. Fang B, McKeon A, Hinson SR, Kryzer TJ, Pittock SJ, Aksamit AJ, et al. Auto‑
immune glial Fibrillary acidic protein Astrocytopathy. JAMA. Neurology. 
2016;73(11):1297–307.

 27. Kimura A, Takemura M, Yamamoto Y, Hayashi Y, Saito K, Shimohata T. 
Cytokines and biological markers in autoimmune GFAP astrocytopathy: 
the potential role for pathogenesis and therapeutic implications. J Neuro‑
immunol. 2019;334:576999.

 28. Flanagan EP, Hinson SR, Lennon VA, Fang B, Aksamit AJ, Morris PP, 
et al. Glial fibrillary acidic protein immunoglobulin G as biomarker of 
autoimmune astrocytopathy: analysis of 102 patients. Ann Neurol. 
2017;81(2):298–309.

 29. Huijbers MG, Querol LA, Niks EH, Plomp JJ, van der Maarel SM, Graus F, 
et al. The expanding field of IgG4‑mediated neurological autoimmune 
disorders. Eur J Neurol. 2015;22(8):1151–61.

 30. Mahajan VS, Mattoo H, Deshpande V, Pillai SS, Stone JH. IgG4‑related 
disease. Annu Rev Pathol. 2014;9:315–47.

 31. Ariño H, Armangué T, Petit‑Pedrol M, Sabater L, Martinez‑Hernandez E, 
Hara M, et al. Anti‑LGI1‑associated cognitive impairment: presentation 
and long‑term outcome. Neurology. 2016;87(8):759–65.

 32. Jouve T, Noble J, Rostaing L, Malvezzi P. An update on the safety of 
tacrolimus in kidney transplant recipients, with a focus on tacrolimus 
minimization. Expert Opin Drug Saf. 2019;18(4):285–94.

 33. Yu M, Liu M, Zhang W, Ming Y. Pharmacokinetics, pharmacodynamics 
and Pharmacogenetics of Tacrolimus in kidney transplantation. Curr Drug 
Metab. 2018;19(6):513–22.

 34. Schutte‑Nutgen K, Tholking G, Suwelack B, Reuter S. Tacrolimus ‑ 
pharmacokinetic considerations for clinicians. Curr Drug Metab. 
2018;19(4):342–50.

 35. Kim YH, Shin HY, Kim SM. Long‑term safety and efficacy of Tacrolimus in 
myasthenia gravis. Yonsei Med J. 2019;60(7):633–9.

 36. Chen B, Wu Q, Ke G, Bu B. Efficacy and safety of tacrolimus treatment for 
neuromyelitis optica spectrum disorder. Sci Rep. 2017;7(1):831.

 37. Spindel J, Heckroth M, Marsano L. Antibody‑negative autoimmune 
encephalitis as a complication of long‑term immune‑suppression for liver 
transplantation. BMJ Case Rep. 2020;13(9):e235777.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Clinical and imaging analysis to evaluate the response of patients with anti-DPPX encephalitis to immunotherapy
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patients
	Serologic and CSF studies
	Review of reported patients with anti-DPPX antibodies
	Statistical analysis

	Results
	Demographic and clinical features
	Responses to treatment
	Brain MRI changes in patients with anti-DPPX antibodies
	Summary of anti-DPPX encephalitis syndrome spectrum

	Discussion
	Conclusions
	Acknowledgements
	References


