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Abstract: Severe obesity in young children prompts for a differential diagnosis that includes syn-
dromic conditions. Rapid-Onset Obesity with Hypothalamic Dysfunction, Hypoventilation, and
Autonomic Dysregulation (ROHHAD) syndrome is a potentially fatal disorder characterized by rapid-
onset obesity associated with hypoventilation, neural crest tumors, and endocrine and behavioral
abnormalities. The etiology of ROHHAD syndrome remains to be established, but recent research
has been focusing on autoimmunity. We report on a 2-year-old girl with rapid-onset obesity during
the first year of life who progressed to hypoventilation and encephalitis in less than four months
since the start of accelerated weight gain. The patient had a high titer of anti-ZSCANT1 antibodies
(348; reference range < 40), and the increased values did not decline after acute phase treatment.
Other encephalitis-related antibodies, such as the anti-NDMA antibody, were not detected. The rapid
progression from obesity onset to central hypoventilation with encephalitis warns about the severe
consequences of early-onset ROHHAD syndrome. These data indicate that serial measurements of
anti-ZSCAN1 antibodies might be useful for the diagnosis and estimation of disease severity. Further
research is needed to determine whether it can predict the clinical course of ROHHAD syndrome and
whether there is any difference in antibody production between patients with and without tumors.

Keywords: ROHHAD syndrome; anti-ZSCAN1 antibodies; autoimmune encephalitis; paraneoplastic
syndrome; ganglioneuroblastoma; severe obesity; hypoventilation

1. Introduction

Obesity in children is a global issue. The raising pace of severe obesity appears to have
attenuated at the beginning of the 21st century [1], but there are concerns that it started to
increase again in the younger population during the SARS-CoV-2 pandemic [2-4]. Some
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investigators reported an inverse correlation between age and body mass index (BMI) in
patients hospitalized for COVID-19 [5]. Although the percentage of obese toddlers is low
compared to older children and adults, obesity in infants and children can be a risk factor
for later obesity and development of metabolic syndrome [6,7].

Extreme obesity in young children prompts for the differential diagnosis of syn-
dromic (genetic, nongenetic, and endocrine) disorders [8], including Prader-Willi syndrome,
Bardet-Biedl syndrome, leptin/leptin receptor deficiency, and others. Rapid-Onset Obesity
with Hypothalamic Dysfunction, Hypoventilation, and Autonomic Dysregulation (RO-
HHAD) syndrome is a rare pathological entity that was proposed in 2007 to define a group
of patients with late-onset central hypoventilation, accompanied by a number of symp-
toms, including rapidly progressing obesity, water imbalance, endocrine abnormalities,
autonomic dysfunction, and strabismus [9]. Sporadic cases have been reported since 1965,
indicating a condition different from congenital central hypoventilation syndrome [10,11].
The addition of ‘neural crest tumors’ (NET) to the nomenclature, ROHHAD-NET, was
proposed by Bougneres et al. [12] in 2008 because these tumors are observed in 50-60% of
patients [12,13]. Until recently, only about 50 individual patients have been described in
the medical literature, and data from around 150 patients have been analyzed in case series
and reviews [13,14], indicating that ROHHAD syndrome is a very rare but presumably
underdiagnosed disease. This syndrome leads to life-threatening hypoventilation, with
a reported mortality rate of approximately 20% [13,14]. Efforts to identify a unique cause
have not been met with success until now, although an autoimmune mechanism hypothesis
appears promising [15,16].

Here, we report on a 2-year-old girl with rapid-onset obesity during the first year
of life who progressed to hypoventilation and impaired consciousness in less than four
months since the start of weight gain. Her symptoms and treatment course suggested a
clinical diagnosis of ROHHAD syndrome. The patient had a high serum anti-ZSCAN1
antibody titer that did not decline after acute phase treatment.

2. Methods
2.1. Assays for Autoimmune Encephalitis Antibodies

All cerebrospinal fluid (CSF) and serum samples were frozen immediately after collec-
tion at —30 °C until analysis. We tested acute serum samples for MOG positivity using a
fixed immunofluorescence cell-based assay (CBA; Euroimmun, Germany) by visual obser-
vation of the fluorescein-labelled binding MOG-IgG [17]. The CSF sample was tested for
autoantibodies against NMDA, CASPR2, AMPA1/2, LGI1, DPPX, and GABA-RB1/2 with
a similar cell-based assay (CBA; Euroimmun, Germany) [18].

2.2. Assays for ZSCAN1 and Nay Antibodies

The antibody response to ZSCAN1 and Nay was analyzed by ELISA as previously
described [19,20]. The plates were incubated with the N-terminal GST-tagged recombi-
nant human ZSCANT1 protein (Q8NBB4-1) or SCN7A protein (HQ258196.1), which were
expressed using a wheat germ cell-free system, for 1 h at 25 °C. Human IgG, which was
expressed using a wheat germ cell-free system, was used as the positive control, and
mock (H,O instead of messenger RNA) was used as the negative control. The plates
were incubated with serum samples for 1 h at 25 °C. Next, the wells were incubated with
goat antihuman IgG (1:10,000 dilution; cross-adsorbed secondary horseradish peroxidase-
conjugated antibody [H + L]; A18811, Thermo Fisher Scientific, Waltham, MA, USA) for
1 h at 25 °C, followed by incubation with 100 pL tetramethylbenzidine-H,O, (Pierce TMB
substrate kit, ThermoFisher Scientific, Waltham, MA, USA). After 30 min of incubation at
25 °C, the reaction was stopped by the addition of 100 uL of 2 M H,SOy, and the intensity
of the yellow dye was measured at 450 nm. A calculated titer above 40 was considered a
positive response.
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2.3. Case Presentation

A 2-year-old girl with rapid-onset obesity was admitted to the pediatric intensive care
unit because of respiratory failure and a left adrenal tumor. The patient was born after
an uneventful pregnancy at a gestational age of 39 weeks and 2 days, with a birth weight
of 3894 g (+2.88 SD) and a length of 50.0 cm (+0.56 SD), without asphyxia. This healthy
newborn had no family history of inheritable diseases. Her mother’s and father’s BMIs
were 25.2 kg/m? and 28.0 kg/m?, respectively. During newborn screening for congenital
endocrine and metabolic diseases, congenital hypothyroidism was initially suspected
but finally excluded. Up to 1 year and 6 months, the patient had normal physical and
neurological development, and, at that time, her weight was 11.1 kg (+1.16 SD; BMI-SDS
+0.75 SD), as measured at an official medical check-up. According to her parents, her body
weight was around 12 kg (+0.97 SD) at 1 year and 11 months, and she was a rather shy
child, often crying when in pain or when she was scolded and was picky with food. Shortly
before 24 months of age, the patient’s pickiness suddenly disappeared. She began to eat all
types of food in increasing amounts, gaining weight rapidly (Figure 1). She presented with
strabismus over the next two months and stopped crying in any kind of uncomfortable
situations, indicating a possible change in character. She also started to snore during sleep,
and her parents noticed that her breathing was very shallow, and it sometimes stopped
briefly. At 2 years and 2 months, she developed cold-like symptoms (fever, nasal discharge,
and cough). Three days later, she was found unresponsive and was taken to the emergency
room of a neighborhood hospital. Upon arrival, the Glasgow Coma Scale score was 3 points
(E1V1IM1), and the patient’s blood CO, pressure was 96 mmHg, indicating hypercapnia.
After tracheal intubation, the blood CO; pressure decreased to 43 mmHg. Tests for influenza
and COVID-19 viruses were negative. An electroencephalogram indicated high amplitude
slow waves. Empirical treatment for encephalitis with antibiotics, antiviral drugs, and
mitochondrial therapy was started. During the next three days, the patient developed
hypernatremia (162 mmol/L), and an abdominal enhanced computer tomography showed
a weakly enhanced, lobulated 30 mm mass with a distinct boundary in the left adrenal
gland as well as the enlargement of an adjacent lymph node (Figure 2A). On Day 4 of
admission, she was transferred to our hospital for further investigations and treatment.
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Figure 1. Growth chart (chart for 0-6-year-old Japanese girls provided by the Japanese Society of
Pediatric Endocrinology and based on values reported in [21]).
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"®F-FDG PET-CT

Magnetic resonance imaging

Figure 2. Main radiologic findings. (A) Enhanced computer tomography (CT) scan: coronal recon-
struction. The arrow indicates the left adrenal tumor. (B) 18F-FDG positron transmission tomography—
computer tomography (PET-CT) scan: axial slice. The arrow indicates high tracer uptake (SUVmax
4.69) in the left adrenal tumor. (C-K) Magnetic resonance images of the patient’s brain: (C-E) Day 1
(taken at the previous hospital), (F-H) Day 15 (before treatment), (I-K) Day 37 (after treatment).

Atadmission, her weight was 18.5 kg (+3.93 SD), and her height was 91.0 cm (+1.76 SD),
with a BMI of 22.34 kg/m? (+4.52 SD) (Figure 1). She was already intubated and under
sedation. The patient was obese but without evident signs of central obesity. The main
laboratory tests (Table 1) indicated hypernatremia, hyperprolactemia, low IGF-1, and
slightly elevated NSE. CSF was characterized by high sodium values and the presence
of oligoclonal bands without pleocytosis (cell count 3/uL) (Table 1). A multiplex PCR
panel (Biofire Diagnostics, Salt Lake City, UT, USA) for 14 common encephalitis-causative
pathogens performed on the CSF sample was negative. Magnetic resonance imaging (MRI)
of the brain performed at the previous hospital on Day 1 showed regions of deep white
matter with a high intensity signal on diffusion-weighted images (DWI) and with low
apparent diffusion coefficient (ADC) values (Figure 2C-E). Based on the history of rapidly
progressing obesity, central hypoventilation, hypothalamic abnormalities (hypernatremia
and hyperprolactemia), autonomic dysfunction (strabismus and possibly elevated pain
threshold), and the presence of an adrenal tumor, a diagnosis of ROHHAD-NET syndrome
was considered. The left adrenal mass and the adjacent lymph node had high ¥ F-FDG
uptake on a positron emission tomography (Figure 2B). Although there was no strong
indication that the mass was a functional tumor because the patient’s consciousness state
did not improve and mild global cerebral atrophy appeared with new high intensity signals
in the bilateral caudal nuclei on Day 15 (Figure 2F-H), we could not exclude the possibility
that the patient’s encephalopathy was the presentation of a paraneoplastic syndrome. The
tumor was surgically resected on Day 18 and pathologically diagnosed as ganglioneurob-
lastoma intermixed with metastasis to one adjacent lymph node (Figure 3). After daily
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immunoglobulin infusions from Day 23 to Day 27, the patient’s consciousness level im-
proved, and the high-intensity signal on MRI regressed (Figure 2I-K). Tests for serum
antibodies against Nay and MOG and for CSF antibodies against NMDA, CASPR2, LGI1,
AMPA1/2, GABA-RB1/2, and DPPX, all known to be related to autoimmune encephalopa-
thy, were negative. We also tested for the serum anti-ZSCAN1 antibody, a recently reported
possible marker for ROHHAD syndrome [15,20], and found a remarkably high titer that
did not decrease after acute phase treatment (Table 2).

Figure 3. Tumor pathology. (A) Macroscopic image of the resected left adrenal tumor. (B,C)
Hematoxylin—eosin-stained images of tumor tissue showing proliferation of short spindle-shaped
cells in a fascicular pattern as well as focal calcifications and aggregates of differentiating neuroblasts
with abundant cytoplasm and blastic small round cells with neuropil background, indicating gan-
glioneuroblastoma intermixed. (D) Hematoxylin—eosin-stained image of the resected adjacent lymph
node showing metastasis of neuroblastic cells.

On Day 22, the patient was extubated and placed on noninvasive positive pressure
ventilation. Her condition improved to the level that she could obey instructions given by
the medical staff and watch cartoons during the day, but she was unable to sit independently
or speak. Sleep apnea studies performed after extubation indicated that the patient was
still hypoventilating, with high PaCO; levels (70-90 mmHg) during sleep. As noninvasive
ventilation was not efficient, a tracheostomy was performed on Day 32, after which PaCO,
decreased to 50-60 mmHg. The patient was transferred back to the previous hospital on Day
46, then retransferred to a regional university hospital, where she was treated for another
three months before being released. At six months after the acute neurological onset, the
condition of the patient was stable, with a weight of 16.9 kg (+2.88 SD) and a BMI of
21.34 kg/m? (+3.84 SD). At the age of 2 years and 8 months, she can walk and speak during
the day, but she still requires pressure support ventilation during sleep, and her latest
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venous CO; pressure was 48 mmHg. Her serum sodium levels are around 136 mmol /L,

and her endocrine abnormalities (low IGF-1 and hyperprolactinemia) are unchanged.

Table 1. Main laboratory data.

Units Value Reference Range
Venous blood gas (F1O; 0.45)
pH 7.466 7.350-7.450
pCO; mmHg 35.1 35.0-45.0
Cell count
Hemoglobin g/dL 10.8 11.6-14.8
White blood cells /uL 6540 3300-8600
Platelets %1000/ uL 343 158-348
Electrolytes
Sodium mmol/L 151 138-145
Chloride mmol/L 115 101-108
Potassium mmol/L 4.5 3.5-49
Calcium mg/dL 8.7 8.7-10.2
Phosphorus mg/dL 6.2 4.5-5.8
Endocrine tests
ACTH pg/mL 9.8 7.2-63.3
Cortisol ng/dL 4.1 6.0-22.0
17-OHP ng/mL 0.4 <5.0
DHEA-S ug/dL <2.0 <33.2
Prolactin ng/mL 26.7 1.2-144
Growth hormone ng/mL 0.48 *
IGF-1 ng/mL 11 32-213
TSH mIU/L 1.84 0.61-4.23
free T4 ng/dL 0.69 1.00-1.80
Renin concentration pg/mL 101.7 2.5-214
Aldosterone pg/mL 14.9 30-159
Adrenaline (blood) pg/mL 15 <100
Adrenaline (urine) ug/mg creatinine 0.006 <39 **
Noradrenaline (blood) pg/mL 57 <70
Noradrenaline (urine) ug/mg creatinine 0.052 0.012-0.139 **
Dopamine (blood) pg/mL 16 <30
Dopamine (urine) ng/mg creatinine 1.313 0.220-1.654 **
Mean daily urine cortisol ug/day 28.4 4.3-176.0
Tumor-related markers
NSE ng/mL 22.8 <15.1
sIL-2R U/mL 446 156.6-474.5
AFP ng/mL <0.9 <6.2
Homovanillic acid (urine) mg/g creatinine 26.4 7.3-28.6
Vanillylmandelic acid (urine) mg/g creatinine 15.8 4.8-16.1
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Table 1. Cont.

Units Value Reference Range
Urine
Specific gravity 1.019 1.010-1.025

Proteins +/— -

Glucose - -

Occult blood 3+ -

Na mmol/L 157 *

Cl mmol/L 104 *

K mmol/L 51.3 *

Cerebrospinal fluid (CSF)

Cell count /uL 3 <5
Proteins mg/dL 38 10-40
Glucose mg/dL 52 50-75
Sodium mmol/L 160 130-150
Chloride mmol/L >120 120-130

Potassium mmol/L 3.0 2.5-3.5

Oligoclonal bands Positive Negative

* No established reference interval for one-time blood /urine tests. ** Reference intervals from [22].

Table 2. Values of anti-ZSCANI antibodies before and after acute phase treatment.

Post- Positive Negative

Pretreatment Treatment Control Control Reference
Anti-
ZSCAN1 348 350 74 3.2 <40
antibodies

3. Discussion

The female toddler in our report had all the known hallmarks of ROHHAD syndrome:
rapidly progressing obesity, late-onset central hypoventilation, a neural crest tumor, hyper-
natremia, hyperprolactinemia, autonomic dysregulation, neurobehavioral changes, and
strabismus. Compared to the statistics of 46 ROHHAD syndrome patients described by
Harvengt et al. [13], our patient started to gain weight at 1.9 years (median 3.1 years), had
behavioral changes around 2 years (median 3.8 years), and was diagnosed with central
hypoventilation and ganglioneuroblastoma at 2.2 years (median 5.3 years and 4.75 years, re-
spectively), indicating that, among reported patients up to the present, she had a very early
onset and very rapid progression of the symptoms. The progression in an extremely short
time (less than 4 months) from obesity onset to symptomatic hypoventilation in our patient
underlines the severity of this rare syndrome. Our patient was overweight (+2.88 SD) at
birth, but by 6 months of age, her weight entered the normal range and remained in range
at least until 1.5 years (Figure 1). The weight curve clearly shows that obesity developed
rapidly around the age of 2 years, coinciding with the sudden start of hyperphagia, as
reported by her parents. It is not evident whether high birth weight is related to obesity
in ROHHAD syndrome. Although the apparent height increase after the onset of weight
gain in this patient is not considered typical for ROHHAD syndrome, in which growth is
usually attenuated. The follow-up period has been too short to evaluate height, albeit the
patient’s persistently low IGF-1 values might be a sign of future growth attenuation.

The patient had an adrenal ganglioneuroblastoma intermixed at diagnosis. In over
half of ROHHAD syndrome patients, neural crest tumors, mostly ganglioneuroma or
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ganglioneuroblastoma, are identified at the time of diagnosis or during follow-up [12,13].
Neural crest tumors include neuroblastoma/ganglioneuroblastoma nodular, ganglioneu-
roblastoma intermixed, ganglioneuroma maturing, and ganglioneuroma mature, and they
are considered part of a spectrum of maturing tumors, with a diagnosis age increasing in
the above order (median diagnosis age of 9, 61, 71, 125 months, respectively), as reported
in large cohorts [23,24]. The median diagnosis age of ganglioneuroblastoma (4.75 years)
in ROHHAD syndrome [13] is similar to the above data, indicating a certain correlation
between tumor development and ROHHAD syndrome progression. Although the presence
of neural crest tumors is one of the main features of the syndrome, to the best of our knowl-
edge, large cohorts of these tumors do not mention ROHHAD syndrome or its resembling
features, albeit some authors report the association of neural crest tumors with opsoclonus
myoclonus ataxia, another paraneoplastic syndrome, or type 1 neurofibromatosis [24-27].

Due to the prolongation of encephalitis symptoms in our patient, we could not exclude
a paraneoplastic syndrome caused by the patient’s tumor. The possibility of ROHHAD
syndrome manifesting as a paraneoplastic syndrome has been discussed extensively, but
no decisive conclusion has been reached because tumors are found only in half of the
patients, and the symptoms of ROHHAD syndrome appear to persist even after tumor
resection [9,12,15,28]. Among diseases characterized by encephalitis as a paraneoplastic
syndrome, anti-NMDAR encephalitis is a well-described autoimmune pathological entity,
which has common symptoms, such as decreased levels of consciousness, autonomic
instability, and hypoventilation, also reported in ROHHAD syndrome. Anti-NMDAR
encephalitis manifests as a paraneoplastic syndrome in about half of the patients with anti-
NMDAR seropositivity; 80% of patients who undergo tumor removal accompanied by first
line immunotherapy (corticosteroids, intravenous immunoglobulin [IVIg], and/or plasma
exchange) show substantial improvement [29]. These treatment options have also been
used in patients with ROHHAD syndrome [16,28]. Our patient had a decreased level of
consciousness, an increased FLAIR/DWI signal in the bilateral regions of deep white matter,
and high amplitude slow waves on encephalogram, and these symptoms improved after
tumor resection and IVIg infusion. The treatment of previously reported tumor patients
usually includes both surgical resection and immunosuppressive therapy; therefore, it
is not clear whether surgery alone is sufficient to alleviate symptoms of encephalitis as
a ROHHAD syndrome comorbidity [13,28]. Although other etiologies for encephalitis
in our patient were not completely excluded, the causal association with an infection or
hypercapnia alone is less probable based on the lack of detection of any relevant pathogens
or typical MRI findings.

Neuroblastoma, a tumor also originating from neural crest cells, has been reported
to occur in association with congenital central hypoventilation syndrome (CCHS), a dis-
order that needs to be differentiated from ROHHAD syndrome. The etiopathogenesis
of neurocristopathy syndrome (neuroblastoma, CCHS, and Hirschsprung disease) has
been explained by the identification of PHOX2B variants in nearly all patients [30,31]. In
addition, patients with CCHS usually show hypoventilation in infancy but no rapidly
progressing obesity. Based on these differences, we considered the diagnosis of CCHS to be
less probable in this patient and did not perform an analysis of PHOX2B. Furthermore, the
rapidly progressing obesity, as well as the normal neurodevelopment before the advent of
symptoms, did not suggest the diagnosis of other neurodevelopmental disorders, including
Prader-Willi syndrome, Smith-Magenis syndrome, Wilms tumor, aniridia, genitourinary
anomalies, and mental retardation (WAGR) syndrome [28].

Due to the young onset age, a genetic etiology of ROHHAD syndrome is suspected, but
efforts to identify any causative genetic variants have been unsuccessful, even with whole
genome analysis of patients and of their parents and/or twin siblings [32,33]. Candidate
genes for ROHHAD syndrome have been reviewed comprehensively elsewhere [14,34]. A
study using neurons derived from patients with ROHHAD syndrome, Prader-Willi syn-
drome, or CCHS found a larger variability in the gene expression in ROHHAD syndrome
than in the other two syndromes [35]. In contrast, autoimmune etiology appears to be
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more plausible, especially in the context of the detection of autoantibodies and oligoclonal
bands in the CSF of ROHHAD syndrome patients [36]. The present patient had CSF oligo-
clonal bands and high titers of serum anti-ZSCANI1 antibodies. The diagnostic utility of
these antibodies and the treatment response to corticosteroids, IVIg, cyclophosphamide,
or rituximab may support immune-based pathophysiology [34]. A few autopsy cases of
ROHHAD syndrome also reported hypothalamic and pituitary inflammation with lympho-
cyte infiltration [37,38]. In this context, ROHHAD syndrome could be considered to have
an autoimmune etiology, although further studies on other definitive cases are needed.

Patients with adipsic hypernatremia and endocrine abnormalities share a number
of symptoms with ROHHAD syndrome patients but are not affected by hypoventilation.
The serum of these patients has been found to include antibodies against the Nay channel
(sodium sensor) and the TPPV4 channel (osmotic pressure sensor) and to the subfornical
organ (SFO) [16,39,40]. Anti-SFO antibodies have also been reported in some patients
diagnosed with ROHHAD syndrome [19]. Recently, Mandel-Brehm et al. [15] identified
autoantibodies to the ZSCANT1 protein in the CSF and sera of seven out of nine ROHHAD
patients but in none of 125 controls. All seven patients had neuroblastic tumors, including
four ganglioneuroblastomas. Based on the detection of anti-ZSCANT1 antibodies in tumor
cells from a patient with neuroblastoma, they concluded that anti-ZSCAN1 antibodies
could be a robust marker for diagnosing ROHHAD-NET. Our patient had a remarkably
high titer of anti-ZSCANT1 antibodies that did not decrease after acute phase treatment. A
previous report on anti-ZSCAN1 antibodies contains only qualitative histopathological
assessments [15] that are not comparable with the present antibody titers. The mean
anti-ZSCAN1 antibody titer in our preliminary analysis was 115 + 85 (range 49-317)
in a group of pediatric patients with ROHHAD and ROHHAD-NET [20]. Moreover,
reported patients positive for anti-ZSCANI1 antibodies progressed to hypernatremia and
hypoventilation [19,20]. We thus consider that the antibody titer may represent the severity
and/or rapid progression of ROHHAD symptoms but that it did not directly affect the
pathogenesis of encephalitis that was present as a comorbidity in this patient. In anti-
NMDAR encephalitis, CSF antibodies correlated with outcome and relapse better than
serum antibodies, but during long-time follow-ups, both types of antibodies decreased in
most patients regardless of the outcomes [41]. Furthermore, in contrast to antibodies against
cell-surface antigens, those against intracellular antigens trigger T-cell responses, leading to
neuronal death and poorer outcomes [42]. In this setting, circulating antibody titers might
not timely reflect the clinical course while remaining instrumental for diagnosis. We plan
to continue monitoring antibody titers in this patient and investigate their correlation with
severe complications, such as respiratory failure.

ZSCANTI is a 408 amino acid long protein whose functions remain mostly unknown.
It is a transcription factor that belongs to the C2H2 domain-containing zinc finger protein
family. In recent years, a number of reports link the high methylation and / or low expression
levels of the ZSCAN1 gene to proliferation in cervical and breast cancers [43,44]. In breast
cancer, ZSCANT1 acts as a tumor suppressor by inhibiting TAZ, which is a component of the
Hippo (YAP/TAZ) pathway, an intracellular signaling network, the deregulation of which
is known to promote tumor growth [45]. Some researchers hypothesize that the Hippo
pathway could be involved in the metastasis of neuroblastoma [46]. Furthermore, one study
found that ghrelin, a hormone that stimulates appetite, acts through the hypothalamic
GHS-R1a receptor to dephosphorylate YAP and control nuclear YAP/TAZ localization and
target gene expression [47]. Thus, it might be possible that inactivation through blocking
antibodies of ZSCANI in the hypothalamus further increases TAZ levels and YAP/TAZ
activity, thus enhancing the effect of ghrelin and promoting appetite and, consequently,
obesity. Moreover, TAZ is known to increase preadipocyte proliferation [48], and activated
YAP/TAZ prevents apoptosis in white adipose cells, thus contributing to obesity [49].
However, the direct implication of ZSCANT1 in regulating the Hippo pathway in the
hypothalamus is yet to be demonstrated.
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Our study has the limitation of reporting on only one patient with high titers of anti-
ZSCANT1 antibodies. Antibodies in the patient’s CSF and tumor were not measured, the
follow-up period of this patient has been relatively short, and the titers have not been
re-evaluated after a longer period of observation.

4. Conclusions and Future Directions

We reported on a patient with a clinical diagnosis of ROHHAD syndrome comorbid
with encephalitis, with a rapid progression of symptoms and high titers of anti-ZSCAN1
antibodies, a possible new marker of this syndrome. Based on the course of the patient’s
symptoms and the results of immunological studies, CCHS, Prader-Willi syndrome, NMDA
encephalitis, etc., were considered less probable. The rapid progression from obesity onset
to central hypoventilation and encephalitis within 4 months represents a warning about
the severe consequences of ROHHAD syndrome and secondary obesity in general. In
addition to raising awareness about this apparently rare and underdiagnosed syndrome,
further research is necessary to discern whether anti-ZSCANT1 antibodies are specific to
ROHHAD syndrome, whether the antibody titers correlate with the age of symptom onset
and prognosis, and whether there is any difference in antibody production between patients
with and without tumors.
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