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CASE REPORT

RHOBTB2 gene associated epilepsy 
and paroxysmal movement disorder: two cases 
report and literature review
Xueyang Niu1, Yan Sun2, Ying Yang1, Miaomiao Cheng1, Quanzhen Tan1, Jie Zhang1 and Yuehua Zhang1*   

Abstract 

Background:  RHOBTB2 gene is associated with developmental and epileptic encephalopathy-64(DEE-64), which is 
characterized by epilepsy, developmental delay, microcephaly, unspecific facial dysmorphism, and paroxysmal move-
ment disorders. Most previous studies showed that the phenotypes of RHOBTB2 gene include developmental and 
epileptic encephalopathy(DEE) and DEE with paroxysmal movement disorders. Only one study showed that patient 
with RHOBTB2 variant had paroxysmal movement disorders with no epilepsy.

Case presentations:  Two cases with RHOBTB2 variants are presented here: Case one was diagnosed as DEE, he had 
recurrent afebrile focal status epilepticus and paroxysmal extrapyramidal symptoms in infancy. Interictal electroen-
cephalogram (EEG) showed focal discharges. Brain magnetic resonance imaging (MRI) showed cortical dysplasia. 
Epilepsy of case one was refractory. Nevertheless, case two only showed paroxysmal movement disorders alone in 
adolescence. Video EEG showed focal discharges during an interictal dystonic episode and he brain MRI was normal.

Conclusion:  The phenotypes of RHOBTB2 gene include DEE, paroxysmal movement disorders, and DEE with paroxys-
mal movement disorders. RHOBTB2 can be one of the pathogenic genes of paroxysmal movement disorders.
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Background
Rho-related BTB domain-containing protein 
2(RHOBTB2; MIM: 607,352) is an atypical Rho GTPase, 
which is mapped to chromosome 8p21.2 and contains 
9 exons. RHOBTB2 is composed of a GTPase domain, a 
proline-rich region, a tandem of two BTB domains, and 
a conserved C-terminal region, and it is highly expressed 
in neuronal tissues [1]. Wilkins et  al. [2] found that 
RHOBTB2 is bound to the ubiquitin ligase scaffold pro-
tein CUL3, recruits target proteins for degradation and 
mediates auto-ubiquitination. Straub et  al. [3] identified 
5 RHOBTB2 variants in 10 patients with developmental 

and epileptic encephalopathy-64 (DEE64; MIM: 618,004), 
all of the variants affected BTB domains. They showed 
varied clinical manifestations, including epilepsy, devel-
opmental delay, hemiparesis, paroxysmal movement dis-
orders and microcephaly.

To date, most studies showed that patients with 
RHOBTB2 variants had DEE and some of them had par-
oxysmal movement disorders. Only one patient with 
RHOBTB2 variants had paroxysmal movement disorders 
with no epilepsy in the literature [4]. Here, we described 
two cases with novel RHOBTB2 variants in detail and 
summarized other reported cases to further explore the 
RHOBTB2 gene-associated phenotypic spectrum.
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Case presentation
Case one
A one-year-old boy with a negative family history of 
neurological disorders was born at 38  weeks of ges-
tational age by successful virginal delivery. He had 
delayed developmental milestones with head control 
at 11 months and limited interaction. He could not sit 
alone at the age of 1  year and 2  months. His seizure 
onset age was 55 days after birth, he experienced recur-
rent afebrile focal status epilepticus (SE), manifested 
insistent strabismus, unilateral limb twitching with 
impaired consciousness, and the focal SE lasted from 
30  min to 2  h. Paroxysmal extrapyramidal symptoms 
were observed recurrently, including gaze upward, nys-
tagmus, and dystonic posturing in one arm lasting a 
few minutes to 30 min with a frequency of 3 to 5 times 
per day. Video electroencephalogram (EEG) showed 
normal background. Interictal EEG showed central and 
parietal slow and sharp waves, and ictal EEG monitored 
focal SE originating from the right hemisphere. Brain 
magnetic resonance imaging (MRI) was taken at the 
age of 10  months, and it showed a widening of fron-
totemporal subarachnoid space and cortical dysplasia 
(Fig.  1). The hereditary metabolic screening was nor-
mal. A heterozygous de novo missense RHOBTB2 vari-
ant (NM_001160036.1, c.103G > A, p. Glu35Lys) was 
identified using trio-based whole-exome sequencing 
(WES) (Fig.  2a-c). This novel variant was absent from 
the control population in the Genome Aggregation 
Database (gnomAD) and was classified as likely path-
ogenic according to the American College of Medical 
Genetics and Genomics (ACMG) guidelines. He was 
diagnosed as DEE with paroxysmal movement disor-
der. He was treated with multiple antiepileptic drugs, 
including valproic acid, topiramate, oxcarbazepine, 
levetiracetam, clonazepam and lacosamide. At the last 

follow-up, he still had focal SE and extrapyramidal 
symptoms at 1 year 2 months.

Case two
The boy was born at 38 weeks with a good start at birth 
from non-consanguineous parents. He grew normally 
and performed well at school before he developed par-
oxysmal movement disorders at the age of 13  years. At 
the age of 1 year 5 months, an episode of febrile seizure 
was noted for one time, when he developed fever up to 
101.3°F, he performed gaze upward and limb tremor 
with impaired consciousness for more than ten seconds. 
Since then, there were no epileptic seizures. From the 
age of 13 years 6 months, episodes of paroxysmal move-
ment disorders began to occur. Unilateral limb dyskine-
sia manifested with left limb dystonic posturing and left 
feet internal rotation. He could walk with an abnormal 
gait and had a clear consciousness. The episodes usually 
lasted from half-hour to several hours and recurred sev-
eral times per day. His language expression was unclear 
for a few hours after paroxysmal dystonia. Video EEG 
showed right frontal spike-slow waves and poly-spike 
slow waves during an interictal dystonic episode. The 
brain MRI and metabolic screening were normal. Trio-
WES was taken at the age of 13  years 9  months and 
showed a de novo RHOBTB2 variant (NM_001160036.1, 
c.346C > T, p. Arg94Cys) (Fig. 2d-f ). This novel variation 
was classified as likely pathogenic according to ACMG. 
At first, he was treated with oxcarbazepine, but there was 
no effect. Then the drug was replaced by levodopa and 
benserazide hydrochloride, however, the patient did not 
respond to the treatment either.

Review of patients with RHOBTB2 variants
We searched in Pubmed with "RHOBTB2" as the key-
word. The genotype and phenotype of 19 patients 
reported in the literature with RHOBTB2 variants were 

Fig. 1  Brain MRI of case 1. T1 and T2 image show widening of frontotemporal subarachnoid space and cortical dysplasia
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summarized in Table  1. The phenotypes of RHOBTB2 
variants of 21 patients in previous literature and this 
study were showed in Fig. 3.

There were seven de novo missense RHOBTB2 vari-
ants identified in 19 patients, among whom eight patients 
shared the same variant p. Arg483His, five patients 
shared the same variant p. Arg511Gln and two patients 
shared the same variant p. Arg511Trp. Of the 19 patients, 
13 patients were female and 6 patients were male. Eight-
een patients were diagnosed with DEE, the median age 
of seizure onset was 3.5  months. Various seizure types 
were observed in 18 patients, including focal seizure in 
7 patients, tonic seizure in 3 patients, generalized tonic–
clonic seizure (GTCS) in 2 patients, myoclonic seizure in 
1 patient and epileptic spasms in 1 patient. There were a 
total of 12 patients who experienced SE, three of them 
experienced febrile SE and two of them had the charac-
teristics of focal seizures. All 18 patients had develop-
mental delay. Meanwhile, other clinical manifestations 
had been observed in some patients. Thirteen of 18 
patients had paroxysmal movement disorders, including 

dystonia, athetoid movement, dyskinesia and choreatic 
movement. Fourteen of 18 patients had microcephaly. 
Nine patients had hypotonia. Four patients had hemi-
plegia. Atypical facial dysmorphism was described in 
9 patients, including low nasal bridge, epicanthal folds, 
micrognathia, deep-set eyes and long philtrum. Six 
patients had EEG details, five patients showed interic-
tal focal epileptic discharges and one patient showed 
normal EEG. Among all patients who underwent brain 
MRI examination, 7 patients showed cortical atrophy, 3 
patients had thin corpus callosum, 1 patient had corpus 
callosum hypoplasia, and 1 patient showed delayed mye-
lination. All 7 patients with brain atrophy had a history 
of SE.

One patient reported previously had paroxysmal 
movement disorders without a typical epileptic seizure. 
This patient had complex hyperkinetic movements 
at 6  months of age, followed by generalized choreo-
dystonia and dystonia at 3  years old. She had devel-
opmental milestones delay, microcephaly and facial 

Fig. 2  RHOBTB2 sequencing results of two cases. a proband of case 1; b mother of case 1; c father of case 1. d proband of case 2; e father of case 2; 
f mother of case 2
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dysmorphism. Her video EEG and brain MRI were both 
normal.

Patients with RHOBTB2 variants who had epilepsy 
were treated with multiple antiepileptic drugs. Two 
patients had responded to levetiracetam and one patient 
to phenobarbital. Seizures of one patient were controlled 
by carbamazepine after 4  years old. Other epilepsy 
patients showed drug refractory. Meanwhile, one patient 
with paroxysmal movement disorders had responded to 
carbamazepine.

Discussion
In 2018, Straub et al. [3] first reported that heterozygous 
variants in RHOBTB2 are associated with DEE-64. Since 
then, there were total 19 cases reported associated with 
RHOBTB2 and additional clinical details are shown in 
Table  1 [3–8]. Eighteen patients with RHOBTB2 vari-
ants had characterized of DEE, among them, 13 patients 
showed paroxysmal movement disorders, including dys-
tonia, dyskinesia, athetosis and choreatic features. Only 
one patient with RHOBTB2 variant reported previously 
had paroxysmal movement disorders without epilepsy 
[4]. Previous studies showed that patients with RHOBTB2 
variants could manifested microcephaly, stereotyped 
movement, and unspecific facial dysmorphism including 
low nasal bridge, epicanthal folds, micrognathia, deep-
set eyes, and long philtrum. In this study, we reported 
two patients with novel RHOBTB2 variants. One patient 
showed epilepsy in early infancy, he had developmental 
milestones delay, microcephaly and paroxysmal extrapy-
ramidal symptoms, while the other patient only showed 
paroxysmal movement disorders in adolescence.

Seizure onset of patients with RHOBTB2 variants usu-
ally occurred during the infantile period. Multiple sei-
zure types were observed, including focal seizure, GTCS, 

myoclonic seizure, tonic seizure, and epileptic spasms. 
SE was common in most patients. 65% (13/20) of epi-
lepsy patients with RHOBTB2 variants reported in the 
literature and in this study experienced SE. Among the 
13 patients, three of them were characterized by febrile 
SE, two of them experienced focal SE, as one patient in 
our study. All epilepsy patients with RHOBTB2 variants 
had developmental delays. EEG usually showed interic-
tal focal epileptic discharges. The abnormalities of brain 
MRI including cortical atrophy, corpus callosum dyspla-
sia, delayed myelination, and hippocampal atrophy were 
observed. All patients with brain atrophy experienced 
SE. Four patients with hemiplegia had a history of SE and 
one of them showed focal SE, indicated that SE can lead 
to hemiplegia. Brain MRI of some cases showed swollen 
or reduced focal diffusion in acute encephalopathy and 
subsequent focal atrophy. A previous study found that 
edema in acute encephalopathy could lead to different 
degrees of cerebral cortex atrophy in convalescence, focal 
SE could lead to hemispheric cerebral lesions in patients 
with Dravet syndrome, whereas generalized tonic–clonic 
SE could cause bilateral cerebral lesions [9]. Therefore, 
brain atrophy in patients with RHOBTB2 variants may be 
correlated with SE.

In this study, one patient with RHOBTB2 variant only 
showed paroxysmal movement disorders without afe-
brile seizures in adolescence. He had normal psychomo-
tor  development before episodes of dystonia occurred. 
Necpál, Ján et  al. [4] reported a girl with RHOBTB2 
variant who had paroxysmal movement disorders with-
out epilepsy at 3  years old. Her clinical features were 
characterized by delays in developmental milestones, 
paroxysmal choreodystonia, microcephaly, and facial 
dysmorphism including epicanthal folds, wide nasal 
bridge, and long flat philtrum. These cases suggest that 
RHOBTB2 variants can cause paroxysmal movement dis-
orders alone.

There were totally seven de novo RHOBTB2 variants 
in 19 patients reported previously. Eight patients shared 
the same variant p. Arg483His and five patients shared 
the same variant p. Arg511Gln (Table 1). All of the vari-
ants were located in BTB domains. The BTB domains 
bind to GTPase domain and to the ubiquitin ligase scaf-
fold CUL3, the interaction mediates auto-ubiquitination 
and related to proteasomal degradation. Overexpression 
of RhoBTB in Drosophila showed more severe neurologi-
cal phenotypes than upon knockdown, which indicated 
that the neurological symptoms caused by the variant in 
the BTB domain of RHOBTB2 gene may be due to the 
decrease of proteasomal degradation, followed by over-
expression of RhoBTB [3]. Among the eight patients 
with the same variant p. Arg483His, five patients had 
DEE accompanied with paroxysmal movement disorders, 

Fig. 3  Phenotypes of RHOBTB2 variants of 21 patients in previous 
literature and this study. DEE, developmental and epileptic 
encephalopathy
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two cases had DEE and one patient had paroxysmal 
movement disorders alone, which indicated that recur-
rent RHOBTB2 variant can lead to phenotypic variabil-
ity. Two novel variants of RHOBTB2 in this study were 
located in the GTPase domain, they were characterized 
by DEE with paroxysmal movement disorders or parox-
ysmal movement disorders alone. This study support that 
RHOBTB2 is one of the pathogenic gene of epilepsy and 
paroxysmal movement disorders.

In this study, case one with DEE was treated with 
multiple antiepileptic drugs and showed refractory. In 
a previous study, some patients with RHOBTB2 vari-
ants who had DEE responded to levetiracetam, pheno-
barbital, and carbamazepine [3]. Paroxysmal movement 
disorders are usually difficult to treat. Case two in our 
study was treated by levodopa and benserazide hydro-
chloride and and oxcarbazepine, but there was no 
effect. In previous studies, RHOBTB2-associated par-
oxysmal movement disorders were commonly treated 
with carbamazepine. Straub et  al. [3] reported three 
patients with epilepsy and paroxysmal movement dis-
orders were treated with carbamazepine, one of them 
had a partial response for movement disorders. Spag-
noli et  al. [8] reported that paroxysmal movement 
disorders in one patient with RHOBTB2 variant com-
pletely resolved by carbamazepine.

Genetic etiology of paroxysmal movement disorders 
has been unveiled readily with the advent of next-gen-
eration sequencing (NGS). Pathogenic variant of the 
PRRT2 gene was identified firstly to be the cause of par-
oxysmal movement disorders [10]. Further studies con-
firmed that the phenotypes of the PRRT2 gene include 
paroxysmal kinesigenic dyskinesia, benign sporadic and 
familial infantile epilepsy, and the overlapping disorder 
of paroxysmal kinesigenic dyskinesia with infantile epi-
lepsy [11]. Subsequently, more pathogenic genes related 
to paroxysmal movement disorders were reported, 
including SCN8A, DEPDC5, KCNA1, KCNMA1, 
PNKD and SLC2A1 [12]. SCN8A, DEPDC5, KCNA1 
KCNMA1 and SLC2A1 are also epilepsy-related genes 
as RHOBTB2 in this study, which indicates that parox-
ysmal movement disorders and epilepsy may have gene 
pleiotropy or share similar pathogenesis.

Conclusion
Here we reported two patients with novel RHOBTB2 
variants who had infantile DEE with paroxysmal move-
ment disorders and adolescent paroxysmal movement 
disorders only. DEE-associated RHOBTB2 variants are 
characterized by multiple seizure types, SE, develop-
mental delay, and cortical atrophy. The phenotypes of 
RHOBTB2 gene include DEE, paroxysmal movement 

disorders, and the overlapping disorder of DEE with 
paroxysmal movement disorders. RHOBTB2 can be 
one of the pathogenic genes of paroxysmal movement 
disorders.
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