This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0).
No permission to resale without signed publisher agreement.

Neuroendocrinology Letters Volume43 No.2 2022

ISSN: 0172-780X; ISSN-L: 0172-780X; Electronic/Online ISSN: 2354-4716
Web of Knowledge / Web of Science: Neuroendocrinol Lett

Pub Med / Medline: Neuro Endocrinol Lett

Genetic characteristics of Chinese patients
with hemorrhagic cerebrovascular disease

Hui ZuUul, Yong-liang TENG?, Jing-yao Liu!

1 Department of Neurology, The First Hospital, Jilin University, Changchun, China
2 Department of Pathology, The First Hospital, Jilin University, Changchun, China

Correspondence to:  Jing-yao Liu, PhD
Department of Neurology, The First Hospital, Jilin University, Jilin Road, No. 3302,
Changchun 130031, China
TEL: +8643184808245, FaX: +8643184808245, E-MAIL: |_jy@jlu.edu.cn

Submitted: 2021-08-09  Accepted: 2022-05-20  Published online: 2022-03-10

brain hemorrhage; hereditary; gene mutation; familial cavernous hemangioma;
hereditary cerebral hemorrhage with amyloidosis

Key words:

Neuroendocrinol Lett 2022;43(2):107-112 PMID: 35913834  NEL430222R01 ©2022 Neuroendocrinology Letters « www.nel.edu
Abstract BACKGROUND: We investigate the clinical and genetic characteristics of hemor-
rhagic cerebrovascular disease in order to provide a new theoretical basis for the
prevention and treatment of hereditary cerebrovascular disease.

METHOD: Three hereditary cerebral hemorrhage cases were analyzed retrospec-
tively. The patients’ families were surveyed, the clinical characteristics summa-
rized, and gene polymorphisms investigated.

RESULTS: Among the three cases, two patients had familial cerebral cavernous
hemangiomas, and genetic testing revealed a heterozygous mutation in the CCM1
gene, with a deletion of base (T) in exon 15 (c.1542delT). The last patient had
hereditary cerebral hemorrhage with amyloidosis, Finnish type, and the proband,
his mother, and his daughter were found to have a heterozygous G duplicate muta-
tion at position 100 in exon 1 of the GSN gene (c.100dupG).

CONCLUSIONS: Future screening for genetic mutations associated with a high-
risk of hereditary cerebral hemorrhage can help identity individuals at risk for
this condition and thereby reduce the occurrence and progression of the disease.
Such screening will further enhance the precision in preventing and treating
cerebrovascular diseases.

INTRODUCTION

In recent years, research has determined that
a combination of genetic and environmental
factors can lead to the onset of cerebrovascular
diseases. Most cerebrovascular diseases are
multifactorial, while some are clinical syndromes
manifested by certain neurogenetic disorders
(Pezzini et al. 2018; Wassertheil-Smoller et al.
2018). Currently, the majority of evidence
related to the etiology of cerebrovascular disease
has come from studies in western developed
countries (Choi, 2015). Compared with the
populations of western countries, the Chinese

.........................

population has major differences in genetic
background, lifestyle, habits and environment.
So far, the research evidence linking genetics and
environmental factors to the etiology of cere-
brovascular disease in Chinese patients is inad-
equate. Although single gene mutations in cases
of familial cerebrovascular amyloidosis, heredi-
tary hemorrhagic telangiectasia, etc (Karschnia
et al. 2019; Rattani et al. 2017). have been
reported, genetic risk factors for hemorrhagic
cerebrovascular disease remain to be identified
in the Chinese population.
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Some diseases in hereditary cerebral hemorrhage
can only be diagnosed by post-mortem neuropatho-
logical evaluation (Chatterjee et al. 2021). A diagnosis
of probable that disease during life is established using
clinical data, neuroimaging markers including cerebral
microbleeds on MRI and, if available, histopathological
findings. However, pre-mortem brain biopsies are rarely
available, and current neuroimaging-based diagnostic
criteria have high specificity but limited sensitivity.
In addition, longitudinal human hereditary cerebral
hemorrhage research on the disease from early stages
is difficult; when it is detected through the incidence
of cerebral microbleeds or stroke resulting from a large
lobar haemorrhage, the disease is already at a later stage
(Jakel et al. 2017).

In the present study, we investigated the genetic
characteristics of three cases of hemorrhagic cere-
brovascular disease with the goal of providing a new
theoretical basis for the prevention and treatment
of hereditary cerebrovascular disease.

CASE DESCRIPTIONS

Familial cavernous hemangioma

Case 1

A 42-year-old male patient presented with main clinical
manifestations of limb paralysis, aphasia, and inter-
mittent convulsions, and he had a history of multiple
cerebral hemorrhage and hemangioma of the skin. The
patient’s mother, son and elder brother had a history
of cerebral hemorrhage. Neurological examination
showed consciousness, dysarthria, left limb muscle
strength of grade 3, right limb muscle strength of grade
4, and bilateral Babinski response. Head computed
tomography (CT) scanning of the proband showed
multiple visible hemorrhagic foci in the bilateral basal
ganglia with partial calcification of the cerebral hemi-
sphere. Magnetic resonance imaging (MRI) of the head
suggested multiple cavernous hemangiomas in the
cerebral hemisphere, cerebellum, and brain stem, and
typical mixed signal shadows could be seen especially
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Fig. 1. Case 2. A: Pedigree of the family with familial cerebral cavernous malformations (CCMs). B: Skin cavernous hemangioma of the
proband’s sister. C and D: Representative sequencing results from a patient in the family, with notation of a “T" deletion mutation in
¢.1542 of exon15 in CCM1 (C, forward sequencing and D, reverse sequencing).
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Fig. 2. A: Head CT scan showing hemorrhage in the right basal ganglia and corona radiata. B: Head MR image (FLAIR) showing abnormal
signals in the left temporal lobe. C: Head SW image showing abnormal signals in the bilateral frontal lobe, temporal lobe, parietal lobe,
occipital lobe, bilateral basal ganglia, and right corpus collosum, suggesting cavernous hemangioma.

on the T2-weighted sequence. No abnormality was
observed on MRI of the spine. Genetic testing revealed
a heterozygous mutation in the CCM1 gene, with
a deletion of base (T) in exon 15 (c.1542delT). This
mutation of the CCM1 gene was found in three other
patients (the patient’s mother, son and elder brother)
in the family, whereas the genetic test results were
normal for the unaffected family member (Figure 1).
The patient’s clinical diagnosis was familial cerebral
cavernous hemangioma.

Case 2

A 38-year-old female patient presented with main
clinical manifestation of recurring headache. The
patient had no convulsions or physical disabilities
during the course of disease. She had been diagnosed
with a cerebral cavernous hemangioma 1 year previ-
ously but did not receive treatment. The patients
mother and younger sister also suffered from cerebral
cavernous hemangiomas. She patient had no history

of hypertension or diabetes, and neurological exami-
nation showed no abnormal physical signs. Head CT
scanning showed cerebral hemorrhage in the right basal
ganglia and corona radiata. Head MRI revealed signal
abnormalities in the left temporal lobe. Multiple patchy
areas of abnormal signals were observed in the bilat-
eral basal ganglia, corona radiata, and centrum semi-
ovale. On susceptibility weighted-imaging (SWI), the
left temporal lobe, bilateral frontal lobe, parietal lobe,
occipital lobe, bilateral basal ganglia, corona radiata,
centrum semiovale, and right corpus collosum showed
abnormal signals, suggestive of cavernous hemangioma
(Figure 2). MRI of the cervical vertebra showed no
abnormalities. Head magnetic resonance angiography
(MRA) found no abnormalities. Upon hospitalization,
the patient was diagnosed with cerebral hemorrhage
and underwent neurosurgical treatment. On patholog-
ical examination, hematoxylin and eosin (HE) staining
showed a left temporal hemangioma with hemor-
rhage, hemosiderin deposition, and inflammatory cell

Fig. 3. Pathological examination results. A: HE staining showing hemorrhage in the left temporal hemangioma (magnification, 100x). B: HE
staining showing hemosiderin deposit and inflammatory cell infiltration in the left temporal hemangioma (magnification, 400x).
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Fig. 4. Case 3. A: Pedigree of the family with Finnish gelsolin amyloidosis. B: DNA sequencing of the GSN gene in the patient's family
member, showing a heterozygous G duplicate in exon1 (c.100dupG) of the GSN gene.

infiltration under high-power microscopy (Figure 3).
The patient’s clinical diagnosis was cerebral cavernous
hemangioma. Here clinical symptoms were alleviated
after surgery, and she was discharged from the hospital
after 15 days. She recovered after 3 months and was able
to perform daily self-care activities. Neither the patient
nor her relatives underwent genetic testing.

Hereditary cerebral hemorrhage with amyloidosis

Case 3

A 39-year-old male patients had been hospitalized three
times within a span of 3 days due to episodes of convul-
sions and unconsciousness. The patient had no physical
disabilities or blurry vision; however, his mother had
been previously diagnosed with cerebral hemorrhage.
The patient also had no history of hypertension and
diabetes, and neurological examination showed no
abnormal physical signs. Head CT scanning showed
hemorrhage in the bilateral basal ganglia. Head MRI
suggested multiple vascular anomalies, and typical
mixed signal shadows could be seen on the T2-weighted
sequence. Low signal shadows were seen in the cerebral
hemisphere. At the time, the patient’s mother did not
have any neurological deficits, but multiple vascular
anomalies were observed on head MRI. The patient’s
daughter and his younger brother had no clinical mani-
festations or abnormalities on neuroimaging. Genetic
testing of the proband, his mother and his daughter
revealed a heterozygous G duplicate mutation at posi-
tion 100 in exon 1 of the GSN gene (c.100dupG). This
mutation caused a reading frameshift during transla-
tion of the GSN transcript, which resulted in a change
of the amino acid sequence of gelsolin protein (Ala34fs;
frameshift mutation). No abnormalities were found in
other family members (Figure 4). The patient’s clinical

diagnosis was hereditary cerebral hemorrhage with
amyloidosis, Finnish type.

DISCUSSION

To date, research on hereditary cerebral hemorrhage
in China and other countries has focused primarily on
cerebral amyloidosis. In the present study, the genetic
characteristics of two cases of familial cavernous
hemangioma and one case of hereditary cerebral
hemorrhage with amyloidosis were described in detail.
The clinical features of these diseases were compared,
and the finding differed from those of previous reports
on monogenic hereditary cerebral hemorrhage.

Cerebral cavernous hemangioma occurs more
commonly in young adults and rarely in the elderly
(Zabramski et al. 1994). Most cases are sporadic, and
single lesions are commonly seen in the brain. In
addition, multiple lesions are common in patients
with autosomal dominant familial cerebral cavernous
malformation (CCMs). Anthropological analyses in
recent decades reported higher incidence rates of CCMs
in Hispanic and Chinese populations (Mao et al. 2005;
Rigamonti et al. 1988).

Most hemorrhaging from CCMs occurs via an intra-
cranial cavernous hemangioma. The risk of bleeding
differs depending on the location of the cavernous
hemangioma. The risk of bleeding recurrence is approx-
imately 5-60% per year (Ferroli et al. 2006), and short-
term recurrent bleeding is also often reported (Barker
et al. 2001). Therefore, immediate treatment should be
given upon the first bleeding event. Amongst the family
members of our three cases, four had a history of cere-
bral hemorrhage (3 male patients and 1 female patient),
and none had a history of spinal cord hemorrhage. In
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fact, the coexistence of cerebral and spinal cord hemor-
rhage in patients with CCMs is extremely rare (Toldo
et al. 2009). Notably, Sirvente et al. reported that cuta-
neous vascular malformations appear only in patients
with a CCM1 gene mutation and are not seen in patients
with CCM2 and CCM3 gene mutations (Sirvente et al.
2009). In the study by Labauge et al. approximately 75%
of patients with CCMs were found to have an isolated
cerebral cavernous hemangioma on head MRI (Labauge
et al. 1998). Overall, about 60% of patients with CCMs
who carry a gene mutation will have symptoms such
as complex partial seizures, focal neurologic deficits,
headaches and cerebral hemorrhage (Ferroli et al.
2006). Therefore, by investigating the gene mutations
in the present cases, this study aimed to identify carriers
of disease-causing genes within the patients’ families for
guidance of early treatment intervention or symptom
relief.

Case 2 was diagnosed with cerebral cavernous
hemangioma, and the patient’s clinical symptoms as
well as imaging results fulfilled the diagnostic criteria
for CCM. The patient’s condition was further confirmed
via pathologic examination. The patient’s mother and
younger sister were also diagnosed with CCM based
on pathological examination. Unfortunately, no genetic
testing was performed for the patient or her family
members. However, through a survey of her family, it
was concluded that the patient had familial cerebral
cavernous hemangioma.

Hereditary cerebral hemorrhage with amyloidosis is
an autosomal dominant genetic disease. Its pathological
changes are similar to those of cerebral amyloid angi-
opathy (CAA) and include deposition of amyloid beta
in cerebral blood vessels. Therefore, hereditary cerebral
hemorrhage with amyloidosis is classified as familial
CAA, and the three main types for which mutations
have been identified are known as the Dutch, Italian and
Icelandic types. The first two types (Dutch and Italian)
are caused by mutations in the amyloid precursor
protein (APP), with mutation sites for the Dutch-type
and Italian-type at E693Q and E693K, respectively. The
Icelandic-type is caused by mutant cystatin C (CST3).
Hereditary cerebral hemorrhage with amyloidosis is
clinically characterized by recurrent cerebral hemor-
rhage, dementia, etc., and the symptoms of cerebral
hemorrhage usually appear around 50 years of age, with
lobar hemorrhage being most common. As the disease
progresses, brain imaging shows more changes related
to leukoaraiosis, cerebral microbleed, and infarction
(Castano et al. 1995).

Case 3 of this study was diagnosed with hereditary
cerebral hemorrhage with amyloidosis, Finnish type
(Finnish gelsolin amyloidosis, FGA), which an auto-
somal dominant genetic disorder, caused by a frame-
shift mutation in the GSN gene. This is different from
the more common pathogenic genes of hereditary
cerebral hemorrhage with amyloidosis. The classic clin-
ical manifestations of FGA are convulsions, multiple

cerebrovascular malformations, and multiple hemor-
rhagic foci (Kiuru-Enari et al. 2002), which were seen
in the proband. Genetic testing confirmed a heterozy-
gous G duplicate mutation in exon 1 of the GSN gene,
which was the cause of the disease. The proband’s
mother and daughter also were carriers of the genetic
mutation, but they had no history of related clinical
manifestations. It is possible that the gene mutation
varies among different patients, resulting in variation
in the pathogenesis and clinical manifestations (Atula
et al. 2016). Notably, the proband was male, whereas his
non-symptomatic, mutation-carrying family members
were female, suggesting the possibility that the clinical
manifestations of FGA are associated with gender.

A previous study of mutations of the GSN gene reported
a single nucleotide substitution of G for A or T at posi-
tion 654 (Maury et al. 1990), and the pathogenic locus
of the mutation in Case 3 was not reported. No genetic
mutation was observed in the younger brother of the
proband, indicating that the mother was a heterozy-
gous carrier of GSN gene mutation, as was confirmed
by gene sequencing.

CONCLUSION

In conclusion, the genetic and molecular mechanisms
of cerebral hemorrhage remain incompletely under-
stood. Moving forward, screening for high-risk genes
for hereditary cerebral hemorrhage can be applied
to identify individuals with a high risk of cerebral
hemorrhage, which will effectively reduce the occur-
rence and progression of the disease. Moreover, genetic
testing for known mutations can assist in the diagnosis
of cerebrovascular diseases, which will further improve
the precision of treatment.
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