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INTRODUCTION

Cerebral cavernous malformations (CCMs)
are well-known vascular malformations
composed of tightly packed abnormal
blood vessels that lack elastic membrane
and muscle cells and form numerous
cavities, filled with blood.””> CCMs are
most often manifested by epileptic sei-
zures or acute/subacute development of
focal neurologic deficit, caused by intra-
cerebral hemorrhage.”®> CCMs may be
sporadic or inherited. The latter have
autosomal-dominant type of inheritance
and are associated with mutations in so-
called CCM genes: KRIT1i, MGC4607, or
PDCD10.%°

We report on a patient with 2 Mendelian diseases—symptomatic multiple fa-
milial cerebral cavernous malformations (FCCMs) and Wilson disease. Genetic
analysis revealed single nucleotide polymorphisms in genes CCM2 and CCM3,
associated with cavernous malformations, and homozygote mutation in the
ATP7B gene, responsible for Wilson disease. FCCMs were symptomatic in 3
generations. The patient also had multiple lipomatoesis, which is suggested to be

a familial syndrome.

In recent years there has heen an increasing amount of publications linking
FCCMs with other pathology, predominantly with extracranial and intracranial

mesenchymal anomalies.

The present study is the description of an unusual association between 2 in-
dependent hereditary diseases of confirmed genetic origin—a combination that

has not been described previously.

Both sporadic and familial CCMs may
coexist with other intracranial and extra-
cranial vascular and nonvascular pathol-
ogy. Such association seems to be more
characteristic for familial cases of CCMs.
According to publications, the most
common is the association with various
types of cutaneous angiomas®"” and such
neurocutaneous syndromes as neurofi-
bromatosis type I (NF1)."® Several cases of
coexistence with cerebral arteriovenous
malformations, arterial aneurysms, and
various intracranial tumors are
described.”"®*° Extracranial pathology is
represented by cavernous angiomas of
retina.”** In rare cases, CCMs are
associated ~ with  orbital  cavernous
hemangioma,® atrial myxoma,**> Birt-
Hogg-Dube syndrome,>° Klippel-
Trenaunay Weber syndrome,”  and
cavernous malformations of extracranial
locations.>®>

This paper presents a unique patient
with multiple familial cerebral cavernous
malformation, Wilson disease, and sub-
cutaneous lipomatosis who was success-
fully treated in N. N. Burdenko National
Center of Neurosurgery (N. N. Burdenko
NCN) and the Department of Therapy and
Occupational Diseases of I. M. Sechenov
First Moscow State Medical University
(I. M. Sechenov FMSMU).

CASE REPORT

History and Examination

A young female (patient K), born in
1972, was admitted to N. N. Burdenko
NCN in September 2006. She had acute
onset of the disease in 2002 with an
episode of intensive headache and tran-
sient partial loss of vision. In 2006 she
experienced  unsteadiness, = moderate
headache, and recurrent partial vision
loss. computed tomography and mag-
netic resonance imaging (MRI) of the
head revealed obstructive hydrocephalus
and typical multiple CCMs: midbrain
cavernoma with signs of previous and
subacute hemorrhages and typical cav-
ernomas of right frontal and left tem-

poral lobes (Figure 1A—C). On
admission, she was confused and
disoriented. = Neurologic  examination

showed up-lateral right eye deviation,
narrowed equal pupils with satisfactory
pupillary light reflex, vertical gaze palsy,
athetoid movements in the right hand,
Babinski symptom on the right, and
marked ataxic gait. Ophthalmic exami-
nation revealed prominent bilateral
edema of optic nerve discs.

General Condition. Her body weight was
105 kg. She had multiple subcutaneous
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Figure 1. Patient K., proband. Multiple cerebral cavernous
malformations (CCMs): midbrain cavernoma, penetrating into
the Ill ventricle, typical cavernomas of right frontal and left
temporal lobes. Midbrain cavernoma has signs of previous and

subacute hemorrhages and causes obstructive hydrocephalus.
(A—C) Magnetic resonance imaging (MRI) before operation, T2.
(D) Endoscopic view of the third ventricle floor. CCM obturates
the entrance to the aqueduct. (E and F) MRI after operation, T2.

lipomas in upper and low extremities and
body, one of which, in the lumbar region,
was surgically removed previously.

Management. Because of the location of
the symptomatic cavernoma in a highly
eloquent zone, mild local signs, and the
prevalence of signs of obstructive hydro-
cephalus, the decision was made to
restrict treatment to cerebrospinal fluid
deviation by means of the third ven-
triculostomy. During the operation, the
intraventricular subependymal portion of
cavernoma was clearly seen (Figure 1D).
The postoperative period was uneventful.
Postoperative MRI showed regress of
hydrocephalus (Figure 1E and F). The
patient was discharged on the 7th
day after the operation with marked
clinical improvement and residual mild

insufficiency of the right oculomotor
nerve.

Follow-Up. Up to 2011 her course was
uneventful. In 2011, she demonstrated
yellowing of the sclera and fatigue. Ex-
amination in the clinic of the I. M.
Sechenov FMSMU revealed jaundice, mild
liver enlargement, moderate ascites, and
leg edema. Blood samples showed hyper-
bilirubinemia (170 (mol/L) mainly due to
indirect fraction (88 pmol/L) and anemia
(hemoglobin—g4 g/L) with negative
Coomb test. Liver function tests demon-
strated increased activity of aspartate
transaminase, alanine transaminase, and
gamma-glutamyl transpeptidase up to 130
ME, 83 ME, and 250 ME, respectively,
and decreased levels of total protein
(55 g/L) and albumin (26 g/L). She also

had thrombocytopenia (89 x 109/L) and
signs of liver cirrhosis in the samples of
liver biopsy. Serum ceruloplasmin level
was 16 mg/dL. Diagnosis of Wilson dis-
ease was confirmed by detection of a
Kaiser-Fleisher ring and detection of ho-
mozygote gene mutation ATP7B c.
3207C>A. There were no typical neuro-
logic symptoms or MRI abnormalities.
Therapy with D-penicillamine 1500 mg/
day was started. During the first year of
treatment, all clinical signs disappeared
and recovery of synthetic liver function
and normalization of all blood tests were
observed.

Follow-up investigation in May 2016
showed stable neurologic condition with
mild mesencephalic signs, unchanged
CCMs on MRI, and clinical and laboratory
remission of Wilson disease. She received
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Figure 2. Patient P., proband’s father.
Cerebral cavernous malformation of the
right frontal lobe. Magnetic resonance
image before operation, T2.

treatment at the maintenance dose of
D-penicillamine (750 mg/day). She
returned to normal lifestyle and social
activity.

Family History

The patient’s father (patient P), born in
1947, experienced the series of epileptic
seizures followed by right VII nerve
palsy and speech disturbance in 2006. A
MRI revealed right frontal lobe cav-
ernoma (Figure 2). It was removed 2
weeks after manifestation. Histologic
examination showed cavernous
malformation. On follow-up, his condi-
tion remains normal. The patient’s
daughter (patient Sh.), born in 1999, had
an episode of a sudden loss of con-
sciousness in 2009. Brain MRI revealed a
small lesion in the right frontal lobe,
consistent with the diagnosis of cav-
ernoma (Figure 3A and B). In December
2014 she had a sudden fall followed by
nausea and headache for several days.
MRI showed new lesion in right
parietal lobe, highly consistent with the
diagnosis of de novo cavernoma
(Figure 3C and D).

Genetic Analysis of Family

The patient’s parents are not involved in a
consanguineous marriage and originate
from different regions (Figure 4).

N
—

Genetic analysis was as follows:

1) An illumina sequencing test was used
to diagnose Wilson disease. It revealed
the homozygous mutation c.3207C>A
(His1069GIn) in gene ATP7B, most
frequent in the European population.

For familial CCMs, blood samples of
the proband, her father, and her
daughter were analyzed for the pres-
ence of large deletions/duplications by
multiplex ligation-dependent probe
amplification. No gross mutations in
known CCM genes were found, so the
whole genome sequencing was per-
formed to search for single nucleotide
mutations  (SNPs). SNP  analysis

identified mutations in gene MGC4607
(CCM2)—g.45078027T>C and SNP in
gene PDCDio (CCM3) (synonymous
names—rs116154329, c.150 G>A, or
p.K50K), which can play a modifying
role. No mutations were found in gene
KRIT1 (CCM7).

DISCUSSION

This case demonstrates a unique coexis-
tence of 2 independent Mendelian
diseases: hereditary CCMs, that have

autosomal-dominant type of inheritance
with the incomplete penetrance of the
gene®*3" and Wilson disease, which has
the prevalence 1:30,000 and is inherited in

Figure 3. Patient Sh., proband’s daughter. Multiple cerebral cavernous malformations (CCMs).

(A and B) Magnetic resonance imaging (MRI) in 2009, T2. CCM of the right frontal lobe. (C) MRI in
20009, fluid-attenuated inversion recovery (FLAIR) (for comparison with D). No pathology is seen.
(D) MRI 2014, FLAIR. De novo CCM in the right parietal lobe.
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Figure 4. Family pedigree.

@ cavs

. Wilson's disease

autosomal-recessive type.>* It is also worth
mentioning that the patient had multiple
subcutaneous lipomatosis, which,
according to several investigations, could
be familial and may have a genetic
nature.?*> There is also evidence of high
prevalence of subcutaneous lipomas,
mainly multiple, in patients with Wilson
disease.>*

It is worth emphasizing the following
clinical features of this case: 1) the late
onset of Wilson disease (at age 39 years)
and its abdominal form with decom-
pensated liver cirrhosis without neurologic
manifestations and 2) earlier manifesta-
tion of CCMs in every next generation,
typical for hereditary CCMs, and a de novo
formation of cavernoma in the daughter of
the proband.

Management of both diseases was
effective. A permanent remission for >10
years confirms the low risk of hemorrhage
from CCMs and supports the possibility of
palliative surgery in cases of highly
eloquent locations of the lesions. Anti-
copper therapy allowed to change the un-
favorable prognosis in a patient with
decompensated liver function and cirrhosis.

Genetic analysis for both clinical con-
ditions showed mutations in correspond-
ing genes. For Wilson disease, typical
homozygote mutation in gene ATP7B was
revealed, which is most frequent for the
European population.?”

For CCMs, SNPs in 2 of the 3 known
genes associated with this pathology were
found: g.45078027T>C in MGC4607
(CCM2), which, according to the literature,
may lead to the formation of the donor site
of splicing, and SNP rs116154329 in
PDCD1o (CCM3), the role of which is still
unknown.3®#°

The phenomenon of comorbidity is
known for a number of diseases, including
pathology of CNS. In a few studies the
attempt is made to find the molecular
genetic bases of comorbidity.*"** It was
demonstrated that some genes, causing
Mendelian disease, can contribute to the
development of multifactorial pathol-
ogy.*** The prevalence of the coexistence
of CCMs with other extracranial and
intracranial pathology is unknown. In the
series of approximately 2000 sporadic and
hereditary CCMs treated in Burdenko NCN
for the past 20 years, such association was
analyzed for 1748 patients who underwent
either an operation or alternative treat-
ment. Widespread systemic diseases
(arterial hypertension, atherosclerosis, in-
flammatory bronchopulmonary disease,
diabetes type II, cancer, and others) were
excluded. Patients with supposedly radio-
induced CCMs were also excluded (11
cases). Associated pathology was found in
118 patients (6.7%). Several patients had
>1 diseases; therefore the incidence of
comorbidities was 7.2% (Table 1).

Data on 8o of these patients were pub-
lished previously.” Data were evaluated
retrospectively according to the history
and results of the clinical examination.
Special instrumental studies on the
search for asymptomatic pathology were
not conducted. We believe that with a
careful prospective study, these figures
would be higher. However, it is obvious
that almost half of the pathology can be
attributed to minor congenital disorders
and malformations, both intracranial and
extracranial.

The main question in all these combi-
nations is the presence of genetic links
between these types of pathology. Such
links were demonstrated for cutaneous
angiomas. Most frequently they were
found in CCMs, associated with mutations
in the KRIT1 gene™*# but also in genes
CCM2"® and CCM3.”7 Campione et al*®
described the case of a woman with
multiple cutaneous angiomas without
cerebral CCMs and with a negative test
for the CCM1, CCM2, and CCM3 genes,
but brain CCM was revealed in her
daughter. Descriptions of CCMs also
exist in patients with NF1, which is
characterized by CNS tumors and
pathology of skin, eye, cardiovascular,
and cerebrovascular systems. The latter
can manifest with aneurysms,
arteriovenous malformations, CCMs, and
moyamoya  disease.”®*%4°  Ardeshiri
et al** suggested possible existence of a
common basis for brain CCMs and other
mesenchymal pathology, by means of
impaired differentiation of mesenchymal

cells  through common  signaling
pathways with CCM genes.**
Some publications have described

CCMs and associated pathology of other
genetic origin, proved by genetic anal-
ysis.*>*7 The present case matches this
series and is the first such association
described in the literature.

It is worth mentioning that in most
publications, associated pathology occurs
in cases with familial or multiple CCMs,
which supports the existence of some
common mechanisms of its development.
In respect to the clinical course, there are
various options in the manifestation of
these diseases: both of them, or only
CCMs or the other disease, may be
symptomatic.

In the discussed case, correct diagnosis
and management led to a long-lasting
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