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Abstract

Pediatric hypertension can cause hypertensive emergencies, including hemorrhagic stroke, contributing to rare but serious
childhood morbidity and mortality. Renovascular hypertension (RVH) is one of the major causes of secondary hypertension
in children. Grange syndrome (MIM#602531) is a rare disease characterized by multiple stenosis or occlusion of the renal,
abdominal, coronary, and cerebral arteries, which can cause phenotypes of RVH and fibromuscular dyspla-
sia (MIM#135580). We report the case of a 7-year-old girl with Grange syndrome who showed RVH and multiple
seizure episodes. At 1 year of age, she experienced seizures and sequential hemiparesis caused by a left thalamic hemorrhage
without cerebral vascular anomalies. Chronic hypertension was observed, and abdominal computed tomography
angiography showed characteristic bilateral renal artery stenosis. Whole-exome sequencing revealed a novel homozygous
pathogenic variant in the YY/API gene (NM_001198903.1: c.1169del: p.Lys390Argfs*12). Biallelic YY/API mutations are
known to cause Grange syndrome. Unlike previously reported patients, our patient presented with intracerebral hemorrhagic
stroke without anomalous brain artery or bone fragility. The phenotype in our patient may help better understand this ultra-
rare syndrome. Grange syndrome should be considered in patients presenting with childhood-onset hypertension and/or
hemorrhagic stroke for early clinical intervention.

Introduction

Hypertension in children and adolescents is becoming a
more common problem [1]. It is usually asymptomatic
and sometimes causes hypertensive emergencies includ-
ing hemorrhagic stroke, a rare but life-threatening and
notable contributor to childhood morbidity and mortality
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[2, 3]. Renovascular hypertension (RVH) is a vascular
disease that renal artery stenosis/occlusion coexists with
chronic hypertension, and a major cause of secondary
hypertension in childhood. Hypertension may lead to
seizures especially during infancy [4-6]. The leading
cause of RVH in children is fibromuscular dysplasia
(FMD) (MIM#135580), which accounts for 35-50% of all
pediatric RVH cases [4, 7-9], but its pathogenesis is
poorly understood [10, 11]. RVH and FMD are clinically
heterogeneous and there are no established diagnostic
criteria. Generally, they are clinically diagnosed with
using imaging studies, which sometimes makes an accu-
rate diagnosis difficult.

Grange syndrome (MIM#602531) is an ultra-rare auto-
somal-recessive syndrome characterized by brachydactyly,
syndactyly, bone fragility, and multi-focal vascular disease
accompanied by RVH and FMD [12, 13]. This syndrome
was originally described in a large family with four affected
siblings, and then followed by additional case reports with
similar vascular and skeletal manifestations [13-16].
Pathogenic truncating variants in the YYIAPI gene
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(MIM#607860) were identified in Grange syndrome in
2017 [12]. YYIAPI encodes yin yang 1 (YY1)-associated
protein 1. YY1AP1 and YY1 are components of the INOSO
chromatin remodeling complex and act as transcriptional
regulators of proliferation and differentiation in smooth
muscle cells (SMCs) [12]. To date, only eleven patients in
six pedigrees with Grange syndrome have been reported.
Therefore, clinical information of Grange syndrome is
limited. We report the case of a female with Grange syn-
drome who showed hemorrhagic strokes and RVH with a
novel pathogenic variant in YY/API.

Materials and methods
Samples

Genomic DNA samples were extracted from the peripheral
blood leukocytes of an affected girl, unaffected her par-
ents and sister (Fig. 1a), using a QIAamp DNA Mini Kit
(Qiagen, Hilden, Germany). Informed consent was obtained
from the parents and this study was approved by the Insti-
tutional Review Board of Yokohama City University
Faculty of Medicine.

Genetic analysis

Whole-exome sequencing (WES) of the patient was
performed. Targeted enrichment was performed using
SureSelect All Exon v6 kit (Agilent Technologies, Santa
Clara, CA) and captured libraries were loaded onto a HiSeq
2500 platform (Illumina, San Diego, CA) as described

a b

previously [17]. Analyses for the autosomal-dominant
(de novo) or autosomal-recessive (homozygous, com-
pound heterozygous) models were conducted. Specifically,
analyses for the autosomal-recessive model involved
selection of candidate genetic variants in exons and cano-
nical splice sites (+2bp) with a minor allele frequency
of <0.005 in the Exome Aggregation Consortium browser
(http://exac.broadinstitute.org/), NHLBI Exome Variant
Server (ESP6500) (http://evs.gs.washington.edu/EVS/), or
in-house exome data (n = 575). The candidate variants were
prioritized based on the biological and clinical relevance of
each gene to the phenotype of the patient. The causative
variants were validated by Sanger sequencing on an ABI
3500 Genetic analyzer (Applied Biosystems, Foster City,
CA) and analyzed with Sequencher software (Gene Codes,
Madison, WI).

Results
Clinical course

A 7-year-old Brazilian girl was born to healthy parents with
a healthy sister (Fig. 1a). Her parents were both originally
from a small city named Pariconha, northeast region
of Brazil. During pregnancy, oligohydramnios and mild
intrauterine growth retardation were detected at 32
gestational weeks. The girl was delivered at 38 weeks’
gestation by caesarean section due to persistent oligohy-
dramnios. Her birth weight and length were 2430g
(—1.5SD) and 42 cm (—2.7 SD), respectively. She was first
admitted to hospital at 15 months of age due to seizures,
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Fig. 1 Familial pedigree and pathogenic YY/API variants. a Familial
pedigree. b Electropherograms of the YY/API variant (c.1169del: p.
Lys390Argfs*12) in the patient (II-1), her parents (I-1 and I-2) and
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sister (II-2). ¢ Schematic presentation of the YY/API gene and
pathogenic variants. Previously reported variants (in black) and the
current variant (in red) are shown above the gene. (color figure online)
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right-sided hemiparesis, and deteriorated speech and motor
function. Brain computed tomography (CT) revealed a left
thalamic-caudate hemorrhage, but no cerebrovascular
abnormalities such as arteriovenous malformation, aneur-
ysm, or cerebral artery stenosis were observed (Fig. 2a—c).
Unfortunately, her accurate blood pressure (BP) during this
episode was unknown. Thereafter, she showed drastic
recovery upon rehabilitation, and regained speech and
motor function. At 3 years of age, hypertension was noted
(130/80 mmHg [>95th percentile]). Despite initiation of
amlodipine (calcium channel blocker), her BP remained high
at approximately the 95th percentile. She was admitted to the
hospital due to the second episode of seizure at 5 years of
age. No hemorrhage was observed on intracranial imaging
and the cause of the second seizure episode remained
unknown. Abdominal CT revealed bilateral renal artery
stenosis. Hypertension was well controlled since starting an

additional anti-hypertensive drug carvedilol (B-blocker). An
antiepileptic drug (oxcarbazepine) and immunosuppressants
(prednisolone and azathioprine) were initiated for seizures of
unknown causes and suspected inflammatory vasculitis. No
further seizure episodes have been reported.

The patient was suspected to have an unknown vascular
disease and referred for genetic counseling at 7 years of age.
A physical examination showed normal height (121 cm
[—0.67 SD]), weight (21.65kg [—0.92 SD]), and occipito-
frontal circumference (51cm [—0.1SD]) with scapular
asymmetry and pectus excavatum. Her BP was 110/60 mmHg
(95th percentile) and heart rate was 74 beats/min. Neurolo-
gical examinations showed mild cognitive impairment, no
dysmetria, normal cranial nerves, and normal deep tendon
reflexes. Funduscopy was normal. Livedo reticularis, folli-
cular hyperkeratosis, and strabismus were observed, but no
characteristic facial features were determined (Fig. 2f).

Fig. 2 Clinical features of the patient. a, b Axial and coronal views of
head CT taken just after stroke at 1 year old, respectively. A high-
density area indicated left thalamic caudate hemorrhage without
midline displacement with normal ventricles. ¢ Magnetic resonance
angiography showed no abnormal findings. d, e Spinal bone X-rays,
with frontal and lateral views, which show mild scoliosis. f Photograph

of the patient’s face. g Photograph and h X-ray of the right hand.
Clinobrachydactyly of the 5th fingers can be noted. i, j Frontal and
lateral view of three-dimensional CT angiography of the abdominal
and renal arteries, respectively. White arrows demonstrate bilateral
stenosis of the proximal renal arteries. The superior mesenteric artery
and celiac artery showed no stenosis
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Proportionate limbs and hands with clinodactyly of the fifth
fingers were noted (Fig. 2g). She had no history of bone
fracture. Her hand X-ray showed middle phalanx shortening
of the fifth finger, with an appropriate bone age for her
chronological age (Fig. 1h). Spine radiographs showed mild
dorso-lumbar scoliosis (Fig. 2d, e). Abdominal three-
dimensional CT revealed bilateral renal artery stenosis
(Fig. 2i, j). Measurements of the right and left kidneys were
8.2x3.7cm (—0.2SD) and 7.2 x3.2cm (—2.2 SD), respec-
tively, which indicated that her left kidney was relatively
small for her age. Electrocardiogram and ultrasonography of
her heart and carotid arteries were normal. A laboratory
examination was normal, including whole blood cell counts,
renal function (creatinine: 0.34 mg/dL and blood urea nitro-
gen: 27mg/dL), electrolyte levels (sodium: 139 mEq/L,
potassium: 4.5 mEq/L, and chloride: 101 mEqg/L), blood
clotting tests, and inflammatory tests.

Genetic analysis

The mean depth of the RefSeq coding region was 87.79, with
95.6% of total coding sequences covered by 20 reads or more.
WES revealed a novel homozygous 1-bp deletion in YYIAPI
(NM_001198903.1; c.1169del: p.Lys390Argfs*12). The
variant was absent from the public databases (ExAC,
ESP6500, HGVD) and our in-house control [n=575]. The
web-based in silico software, Mutation Taster (http:/www.
mutationtaster.org/) predicted this variant to be pathogenic.
Sanger sequencing confirmed that this variant was
homozygous in the patient and heterozygous in the unaffected
carrier parents and the sister (Fig. 1b). This variant resided
in the 3.3-Mb homozygous stretch in chromosome 1
(Supplementary Fig. 1).

Discussion

A novel homozygous protein-truncating YY/API variant
(NM_001198903.1: c.1169del: p.Lys390Argfs*12) was
identified in a girl with a history of hemorrhagic stroke
and RVH. The variant is predicted to cause nonsense-
mediated mRNA decay and is consistent with the fact that
loss-of-function mutation in YYIAPI causes multiple
vascular occlusive disease, Grange syndrome. YY1API is
expressed ubiquitously in various human tissues and co-
localizes with YY1 in the nucleus [18]. Loss of YYIAPI
leads to cell-cycle arrest and disrupts TGF-p-driven dif-
ferentiation of vascular SMCs [12]. Although the detailed
pedigree information could not be obtained in this family,
there is a possibility that her parents have a common
ancestor because they originated from the same small city
in Brazil and the variant was found in a homozygous
stretch in the patient.
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Although subarchnoid hemorrhage (SAH) have been
observed in two patients with Grange syndrome
[14, 16], cerebral hemorrhage has not been previously
reported. The exact cause of intracranial hemorrhage of our
patient is unknown; however, SAH is generally associated
with cerebral aneurysm and intraparenchymal hemor-
rhage is accompanied by systemic hypertension [18]. The
absence of obvious cerebral artery abnormalities suggests
that the cause of hemorrhage of the patient would simply
have been due to severe hypertension. Prompt diagnosis and
precise control of systemic hypertension may prevent the
potential risk for stroke and other complications caused by
hypertension. The clinical features associated with Grange
syndrome in previously reported and current patients are
summarized in Table 1. Variable degrees of stenosis or
occlusion of multiple arteries throughout the body were
seen in affected individuals with Grange syndrome. Speci-
fically, unilateral or bilateral renal arteries stenosis was
associated with early-onset uncontrolled hypertension in
the majority of patients (90.9%, n=10/11). They
all require multiple anti-hypertensive drugs and four
patients underwent renal artery angioplasty (33.3%, 4/12)
[13, 15, 16]. Another frequently observed feature is digital
anomalies. The majority of patients with Grange syndrome
show brachyclinodactyly or syndactyly of the hands and
feet (91.7%, 11/12). Our patient also showed mild scoliosis.
Skeletal screening is helpful in diagnosing Grange syn-
drome. A recent report suggested bone fragility as a variable
feature and less frequent than previously thought [19]. Our
patient has shown no bone fragility, too. Most affected
individuals showed cerebral artery stenosis (81.8%, 10/11),
and strokes were observed in more than half of them,
possibly by hemorrhage or ischemic attacks (54.5%, 6/11).
Seizures can occur in patients with Grange syndrome at a
higher rate for various reasons with or without cerebral
artery stenosis.

Mild learning disabilities and left ventricular hypertrophy
(LVH) were also relatively frequently observed in affected
individuals; however, these symptoms may be secondary
(i.e., LVH could be due to hypertension and mild devel-
opmental delay may be caused by silent stroke episodes).
Genotype-phenotype correlation is difficult to be deter-
mined because of the wide clinical variability in affected
individuals even in the same family [13, 19]. Accumulation
of patients with Grange syndrome and further genetic stu-
dies would clarify the pathogenesis and clinical entity of
these diseases, including RVH and FMD. We should note
that some symptoms are present after adolescence. One
patient died unexpectedly at 18 years of age [13]. Chest or
abdominal pain complaints should be considered as urgent
issues as they are indicators of the onset of ischemic events.
Periodic follow-up examinations are also required in
Grange syndrome.
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In conclusion, we report the case of a female with Grange
syndrome due to a novel biallelic YY/AP] variant, and
clinically showed hemorrhagic stroke and RVH. To the best
of our knowledge, YYIAPI is the only mutated gene known
to cause RVH and FMD with a clear Mendelian inheritance
pattern [20]. Grange syndrome should be considered in
patients with stroke combined with renal artery stenosis.
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