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with ganglioneuroblastoma: a case report
and literature review
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Abstract

Background Rubinstein-Taybi syndrome (RSTS) is a rare genetic disorder characterized by severe global
developmental delay (GDD) and distinctive facial grimacing. The loss of function of the CREBBP and EP300 genes
is recognized as a genetic etiology of RSTS. However, the association between CREBBP variants and an increased
risk of tumors remains unknown, despite multiple reports of tumor comorbidities related to RSTS. The aim of this
study is to elucidate the tumors associated with CREBBP variants in the context of RSTS by presenting a case of
ganglioneuroblastoma (GNB) in a patient diagnosed with RSTS.

Case presentation We describe a 9-month-old male patient exhibiting distinctive facial features, enorchia, and
GDD. Whole exome sequencing (WES) revealed a de novo pathogenic variant in NM_004380 (CREBBP): c.1068del
(p.GIn356Hisfs*33). At one year of age, the patient experienced an unexplained fever lasting for two months, and the
definitive diagnosis of GNB was established.

Conclusions We report a case of RSTS co-morbid with GNB and conduct phenotypic and genotypic analyses of 43
individuals with documented CREBBP variants and associated tumors in the literature. We observed that frameshift
variations are common in malignancies among the individuals studied, while more microdeletions were noted in
patients with benign tumors. Currently, there is insufficient evidence to support a correlation between the types

of CREBBP variants and specific tumor types. Further research is required to clarify the role of CREBBP variants in
tumorigenesis.
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Introduction

Rubinstein-Taybi syndrome (RSTS [OMIM# 180849]) is
a rare group of syndromes characterized by intellectual
disability, slow growth, short stature, distinctive facial
features (such as a grimacing smile), and broad, often
angulated thumbs and halluces. The estimated birth
prevalence of RSTS in the Netherlands is between 1 in
100,000 and 125,000 [1]. Loss-of-function variants in
CREBBP (MIM # 600140) and EP300 (MIM # 602077)
have been associated with RSTS. Pathogenic variants in
CREBBP affect approximately 50-60% of RSTS patients,
while EP300 pathogenic variants affect about 8—10% of
individuals [2]. As our understanding of RSTS deepens,
individuals of co-morbid tumors have been increasingly
documented [3, 4]. Previous researchs have found RSTS
co-morbidities tumors are observed in 5-30% of patients,
such as neuroblastoma, rhabdomyosarcoma, medullo-
blastoma, and hematologic malignancies were reported
[3-6]. However, reports of co-morbid tumors in RSTS
individuals from China have not yet been documented.
In this study, we present a case of a 1-year-old male with
RSTS co-morbidities and GNB, and we compare this
case with 43 other reported individuals with RSTS and
co-morbid tumors. This study aims to provide insights
for further establishing the association between RSTS
patients and tumors.

Clinical information

A 9-month-old male child was admitted to our hospital
due to global developmental delay. At 32 weeks of gesta-
tion, ultrasound revealed slow growth of the fetal head
circumference. The pregnant woman did not receive fur-
ther prenatal diagnostic counseling. The child was deliv-
ered via cesarean section at 38 weeks, with no asphyxia.
Following birth, the child experienced difficulties with
feeding and recurrent spitting up. The past medical his-
tory includes three episodes of pneumonia, bilateral
cryptorchidism, and gastroesophageal reflux. His parents
are healthy, non-consanguineous, and have previously
given birth to two healthy females. Physical examination
revealed a head circumference of 41.5 cm (< 3rd percen-
tile), a length of 65 cm (< 3rd percentile), and a weight of
7.9 kg (< 10th percentile). Other physical characteristics
included dense hair, hypertelorism, narrow palpebral
fissures, downslanting eyes, a wide nasal bridge, anteri-
orly tilted nostrils, a high arched palate, a thin upper lip
with upturned corners of the mouth, a small pointed jaw,
broad thumbs, and hypotonia. The child could hold his
head up, engage in social vocalization, and maintain eye
contact, but could not roll over or sit without support.
The Gesell Developmental Diagnosis Scale (GDDS; Chi-
nese version) was utilized to assess various developmen-
tal areas of this child, including gross motor skills, fine
motor skills, language, and social-emotional responses.
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The child’s performance across all developmental areas
yielded a developmental quotient (DQ) below 75. The
developmental age of the infant was assessed at 3.2
months, with a Gesell developmental schedule DQ of 34.
Based on the Chinese guidelines for diagnosing global
developmental delay, this patient was diagnosed with
GDD [7]. Magnetic resonance imaging (MRI) showed
no abnormalities. Laboratory tests, including blood
cell count, biochemical levels, thyroid hormone lev-
els, serum electrolytes, blood glucose, lipid metabolism,
blood ammonia, blood gas analysis, homocysteine, and
urinary organic acid metabolism, were unremarkable,
thereby excluding urea cycle disorders, certain fatty acid
oxidation deficiencies, and aminoacidopathies. Given
that the patient presents with multisystem malforma-
tion and a global developmental delay (GDD) pheno-
type, whole exome sequencing (WES) was chosen to
elucidate the genetic etiology after consultation with
medical geneticists and obtaining informed consent
from the patient’s parents. WES revealed a variant in
the NM_004380 (CREBBP: c.1068del (GRCh38) (p. Gln-
356Hisfs*33). Sanger sequencing confirmed the absence
of this variant in both parents (Fig. 1). According to the
American College of Medical Genetics and Genom-
ics (ACMG) Criteria and Guidelines for the Classifica-
tion of Genetic Variants, this variant meets the criteria
for a “Pathogenic variant " PVS1[Very strong evidence
of pathogenicity; frameshift variant in a gene where loss
of function (LOF)]+PM6(Assumed de novo, but with-
out confirmation of paternity and maternity)+PM2_
Supporting(Absent from controls in Exome Sequencing
Project, 1000 Genomes or the Exome Aggregation Con-
sortium (ExAC) [8].

This variant has not been documented in the gnomAD,
HGMD (The Human Gene Mutation Database), or Clin-
Var databases (ClinVar (nih.gov)). A diagnosis of RSTS
has been confirmed. We have developed a structured fol-
low-up and early intervention program aimed at enhanc-
ing the child’s quality of life.

At one year of age, the patient was brought to a com-
munity health center with a provisional diagnosis of bac-
terial diarrhea due to excessive sweating, intermittent
diarrhea, poor weight gain, and recurring fever lasting
two months. Laboratory analysis revealed white blood
cell count: 12.3x10° (normal range: 5.6—15 x 10”), neu-
trophil count: 11.8x 10° (normal range: 3.2—10.7 x 10°),
and C-reactive protein (CRP): 44 mg/L (normal range:
0-10 mg/L). Lactate dehydrogenase (LDH): 421 U/L
(normal range: 165-395 U/L). Stool samples microscopy
and culture results: negative. Polymerase chain reaction
(PCR) tests for Influenza A and B, rhinovirus, adeno-
virus, Epstein—Barr virus, and Mycoplasma were also
conducted, all of which returned negative results. Blood
biochemistry and erythrocyte sedimentation rate (ESR)
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Fig. 1 Sanger sequencing chromatograms of CREBBP index’s family
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Fig. 2 Computed tomography the mass was located retroperitoneum. (A) plain CT scan (B) contrast-enhanced CT scan

position of the tumor)

were within normal limits, and echocardiography was
unremarkable. The patient’s fever did not improve after
a prolonged treatment with Ceftriaxone Sodium at a dos-
age of 50 mg/kg. Following a two-week hospitalization
for investigation, the child remained undiagnosed and
was classified as having a fever of unknown origin (FUO).
The patients were re-evaluated, which included a detailed
medical history, a thorough physical examination, and
laboratory screening that ruled out common infections,

. (The red arrow indicates the

connective tissue disorders, and other factors typically
associated with FUO. Tumors were considered as a
potential cause, as they represent the third largest group
of causes for unexplained fever in children. A computed
tomography scan revealed a mass of mixed density with
multiple punctate calcifications on the right side of the
abdominal aorta, measuring approximately 3.2x2.1 cm.
The mass exhibited significant inhomogeneous enhance-
ment on the enhancement scan Fig. 2.
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Laboratory tests revealed an elevated serum neu-
ron-specific enolase (NSE) level of 35 ng/ml (reference
range: 0-16.3 ng/ml). The patient was referred for surgi-
cal removal of the tumor. Immunohistochemical exami-
nation of the tumor pathology demonstrated positive
expression of chromogranin A (CgA), synaptophysin
(Syn), neural cell adhesion molecule (CD56), INI1, and a
Ki-67 proliferative index of 5%. NeuN and glial fibrillary
acidic protein (GFAP) showed negative expression. The
pathological diagnosis confirmed the presence of ganglio-
neuroblastoma intermixed (GNBI), as verified by immu-
nohistochemistry. Fluorescence in situ hybridization
(FISH) did not demonstrate MYCN amplification in the
patient’s tumors. Based on a comprehensive evaluation
of clinical, imaging, laboratory, and pathological results,
GNB was diagnosed and identified as the definitive cause
of fever in this patient. Follow-up abdominal CT exami-
nation conducted one year post-surgery showed no signs
of tumor recurrence or metastasis. At the age of two,
the child was able to walk independently and could pro-
nounce simple words. The patient’s last visit occurred
at the age of 2 years and 5 months, revealing a length
of 83 cm (<25th percentile), weight of 11.5 kg (<10th
percentile), and head circumference of 45 cm (<3rd
percentile). His DQ was 41, indicating a moderate devel-
opmental anomaly. The child exhibited delays in language
and adaptability, only able to speak several single words
and unable to form sentences, with poor attention span.

Discussion and conclusions

Although RSTS does not typically affect life expectancy,
MILLER R et al. [4] identified 36 individuals (5%) with
tumors among 724 patients with RSTS. Similarly, BOOT
MV et al. [3] conducted a retrospective analysis of 86
individuals diagnosed with RSTS in the Netherlands
from 1986 to 2015, finding that 26 individuals (30%)
were associated with tumors. Additionally, Naye Choi
reported that 12% of Korean RSTS patients had tumors
[9]. In contrast, our previous study on RSTS summarized
60 cases diagnosed with CREBBP pathogenic variants in
China and found no reports of concurrent tumors [10].
CREBBP is involved in transcriptional regulation and epi-
genetic modification, and variations in this gene affect
at least half of RSTS individuals. Consequently, study-
ing RSTS individuals with CREBBP variants presents a
unique opportunity to analyze the correlation between
tumors and RSTS.

Including the present study, tumors have been reported
in 44 individuals with RSTS due to CREBBP variations,
all of whom have been confirmed through genetic testing.
An overview of all reported tumors in RSTS is presented
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in Tables 1 and 2. Among these patients, 13 cases were
identified as malignant tumors (Table 1). The median
age for malignant tumors was 9 years (age range: neona-
tal period to 57 years), with 7 males and 6 females, and
54.8% of the patients were children. Among these RSTS
patients, hematological malignancies (5/13) and neuro-
logical malignancies (3/13) predominated, which aligns
with the types of malignant tumors observed in the gen-
eral pediatric population. Leukemias represent approxi-
mately 30-40% of pediatric malignancies, lymphomas
account for about 12%, and neuroblastoma is the most
prevalent among childhood extracranial solid tumors [25,
26].

The mutation types of malignant tumors included
frameshift variants (5/13), microdeletions (3/13), splice
site mutations (3/13), a nonsense mutation (1/13), and a
missense mutation (1/13).

Benign tumors were identified in 31 cases (Table 2).

The median age was 13 years (age range: 1 year period
to 49 years) 7 male, 22 femal, and 53.4% were childrens
and adolescents. Pilomatricoma was identified as the
most common benign tumor (10/31), followed by hem-
angioma (7/31) and meningioma (5/31). The mutation
types associated with benign tumors included microde-
letions (13/31), frameshift mutations (6/31), duplications
(5/31), nonsense mutations (3/31), missense mutations
(3/31), and a splice site mutation (1/31). Notably, dupli-
cation variants have only been reported in RSTS patients
with benign tumors. We observed that the same variant
may correspond to different tumor types in RSTS indi-
viduals. For instance, deletions of exons 9 to 31 have been
reported in individuals with meningioma, neuroma, and
dermatofibroma. Additionally, duplications of exons 4 to
23 have been observed in individuals with meningioma,
naevus, and fibroadenoma of the breast. The ¢.1011dupA
variant has also been reported in individuals with menin-
gioma and hemangioma. Unfortunately, due to the lim-
ited sample size, we were unable to identify a correlation
between genotype and tumor type characteristics, which
is consistent with the conclusions of previous studies [3].

CREBBP was first identified as a member of the KAT3
family of histone acetyltransferases (HAT), alongside its
association with myeloid leukemia (AML) [26]. Although
the mechanisms underlying oncogenesis in the absence
of CREBBP protein remain unclear, it is proposed that
CREBBP may function as a tumor suppressor, participat-
ing in various tumor-suppressor pathways [27]. Somatic
mutations in CREBBP have been shown to affect H3K18
acetylation, which plays a significant role in the devel-
opment of malignant tumors, including relapsed acute
lymphoblastic leukemia and lymphoma [28-30]. GNB
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originates from embryonic neural crest cells and is differ-
entiated from neuroblastoma and ganglioneuroma based
on its degree of differentiation and biological behavior.
Clinical manifestations of GNB typically include fever,
vomiting, and excessive sweating, with a predilection
for the retroperitoneum, adrenal gland, and mediasti-
num. In rare instances, the tumor secretes vasoactive
intestinal peptide (VIP), which can lead to chronic diar-
rhea and persistent hypokalemia and this is our patient
was initially diagnosed with the cause of bacterial diar-
rhoea [31]. Miller and Rubinstein [4] have suggested
that tumors of neural crest origin exhibit an increased
predisposition in patients with RSTS, with an approxi-
mate incidence of 5%. A review of the literature revealed
four reported cases of neuroblastoma in patients with
RSTS, of which only one case underwent genetic analysis
(Fig. 3) [5]. The link between the GNB observed in our
patient and a pathogenic CREBBP variant remains incon-
clusive; therefore, further investigation into the molecu-
lar mechanisms underlying this association is warranted.
Additionally, CREBBP functions as a key regulator in
Wnt signaling and participates in similar cellular replace-
ment activities, such as hair growth, that occur in the
human body. Wnt signal transduction is believed to be
potentially related to pilomatricoma [32, 33], which may
explain the higher incidence of pilomatricoma in patients
with RSTS.

In general, benign tumors are more prevalent in
patients with RSTS compared to malignant tumors.
CREBBP frameshift variants were most frequently
observed in RSTS patients with malignant tumors,
whereas microdeletions were more commonly found in
those with benign tumors. In resource-constrained set-
tings, where molecular genetic testing is often unavail-
able, the diagnosis and management of RSTS patients
may rely solely on clinical grounds, potentially leading
to a biased estimation of tumor incidence in this popu-
lation. The 2024 first international consensus statement
on Rubinstein-Taybi syndrome indicates that there is cur-
rently insufficient evidence to suggest that RSTS elevates
the risk of tumors; therefore, routine tumor screening in
patients with RSTS is not recommended [34]. However,
given the birth prevalence of RSTS and the global popu-
lation, this risk cannot be entirely dismissed. At present,
RSTS lacks precision medicine approaches, and the qual-
ity of life for patients can only be improved through mul-
tidisciplinary collaboration.

In conclusion, this study presents the first documented
case of a patient with RSTS and GNB in China. The diag-
nosis was established through whole exome sequenc-
ing, thereby enhancing our understanding of the gene

exons 4
to 23

tion of
/
[

38Y

c406 C>T  duplica-

p.GIn136*

c.1011dupA
338Thrfs*12

41Y
p.GIn-

Microdele-

tion
[25]

Microdeletion

[25]
AA:amino acid; M: male; F: female; Y: year; HSIL: high-grade squamous intra-epithelial lesion of the cervix; NI: no information available

M
N

Table 2 (continued)
/

Gender
Age at
evaluation
Variants
Predicted
protein
effect
References




Zhou et al. BMC Pediatrics (2025) 25:253

» Hemangioma p.GIn136* (Boot MV et al.)

> Neuroblastoma p.GIn203fs (de Kort E et al.)

> Hemangioma p.GIn260* (Wincent et al.)

> Hemangioma p.GIn338Thrfs*12 (Boot MV et al.)

» Ganglioneuroblastoma p.GIn356Hisfs*33 (Present study)
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» Pilomatricoma p.Arg440* (Boot MV et al.)

High-grade squamous intra-epithelial
> lesion of the cervix p.Thr1447lle
(Boot MV et al.)

1273 1318 1701 1744 2058 2116
Exon 18-30 Exon 31
N NRID demswtmmTAZ1 PHD TAZ2 IBID s C
| | Exon 2 Exon 5-9 Exon 17 | | | |
17 1M 347 433  587||666 1103 1175 1342 1640 1765 1846 3 . 2442
Pilomatricoma
p.Ser2041Cysfs*33
(Chiang et al.)
Pilomatricoma p.Ser2043*
(Papathemeli et al.)
Lymphoma p.GIng48* L5 I\lTeuroma pt.P:<;1953Hisfs*30
> (Wieczorek D. et al. el
( ) —>Pilomatricoma p.Pro1947Thrfs*1¢
Ganglioglioma p.Thr910Ala (Rokunohe et al.)
L
(Bartsch O. etal) L Lymphoma p.Val1613Cysfs*22 (Boot MV et al.)
Lymphoblastic leukemia —> Pilomatricoma p.Asp1543Tyr (Lopez-Atalaya et al.)
p.GIn823Hisfs*8(Choi, N. et al.) ——>Hepatoblastoma p.Glu1551Hisfs*2 (Donatella Milani et al.

—>Naevus p.GIn733Hisfs*15 (Yoo. et al)

— Colon carcinoma ¢.4561-2A>G (Boot MV et al.)
—> Lymphoblastic Leukemia p.Asp1481GIn (Kristen J. et al.)

> Medulloblastoma ¢ 1941+3A>T (Boot MV etal)  Pilomatricoma c.4394 +4A>C (Boot MV etal.)
—> Germ Cell Tumor ¢.1824-1G > A (Grainne H.B et al.)

Fig. 3 The report documents 23 cases of variations co-occurring with tumors distributed along the CREEBP protein, except for microdeletion and dupli-
cation variants. Green markers indicating benign tumors and red markers indicating malignant tumors

mutations associated with this disease and broadening
our knowledge of its phenotypic manifestations.
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