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Cerebral autosomal recessive arteriopathy with  subcortical infarcts and
leukoencephalopathy (CARASIL) is a hereditary cerebral small vascular disease
caused by a homozygous mutation in the high-temperature requirement A serine
peptidase 1 (HTRAT) gene. Cerebral microbleeds (CMBs) are increasingly being
recognized as neuroimaging findings occurring with cerebrovascular disease and have
different etiologies. Mild to moderate CMBs are not unusual in CARASIL, and they
are observed to affect cortical and subcortical structures; in contrast, diffuse CMBs,
especially in the cerebellum, are rare. In this case, we report a novel mutation of HTRAT
in a 43-year-old woman whose imaging indicated multiple CMBs in all lobes, brain stem,
and cerebellum. The amount and location of CMBs vary in CARASIL cases, and the
potential cause is not fully understood. This study revealed that specific imaging findings
of this patient may be related to a new genetic mutation.

Keywords: CARASIL, cerebral microbleed, HTRA1 mutation, leukoencephalopathy, cerebral small vessel disease

INTRODUCTION

Cerebral autosomal recessive arteriopathy with subcortical infarcts and leukoencephalopathy
(CARASIL) is a very rare autosomal recessive non-hypertensive cerebral small vessel arteriopathy
caused by biallelic mutations of the high-temperature requirement protease A1 (HTRAI) gene.
Additionally, it is characterized by subcortical infarcts, alopecia, and spondylosis (1). Furthermore,
leukoencephalopathy with multiple lacunar infarctions, brain atrophy, and cerebral microbleeds
(CMBs) have been observed on magnetic resonance imaging (MRI) in previous studies (2-4).
Presently, there are very few studies on CMBs in CARASIL, most of which are reported to be
located in the cortex and subcortex, mainly in the basal ganglia region (5-9). Herein, we report
a 43-year-old woman with a novel HTRAI gene mutation who presented widely distributed CMBs
in the brain lobes and deep regions, especially the cerebellum.
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FIGURE 1 | Multiple hyperintensities in the cerebral white matter extending from supra- to infratentorial regions on T2-weighted (A-D) and fluid-attenuation inversion
recovery images (E-H). Susceptibility-weighted imaging shows diffuse microbleeds in the cerebellum, brain stem, subcortex, and cortex (I-L).

CASE PRESENTATION

The proband was a 43-year-old woman with progressive
gait disturbance and memory impairment for 1 year and
inarticulate speech for 2 months. One year before admission,
she developed walking instability and slight memory loss
without any regular treatment. Since the last 2 months, slurred
speech and comparatively obvious cognitive impairment have
been observed. Additionally, the patient had no hypertension,
diabetes, or other diseases except for mild hair loss at a
young age. The positive sign of physical examination were
mild alopecia, unsteady walking, ataxic gait, and inarticulate
speech, accompany with moderate cognitive impairment and
Mini-Mental State Exam score of 18 points (illiteracy),
demonstrating majorly focused on orientation, memory, and
computed function. Further neurological examination revealed
normal muscle strength and tone, whereas exhibited positive
bilateral Babinski signs. Moreover, she failed to complete the
dysmetria and dysdiadochokinesia and underwent the Finger
to-Nose test. MRI revealed white matter hyperintensities in
the periventricular centrum semiovale and brain stem on
T2-weighted and fluid-attenuation inversion recovery images;
additionally, extensive microbleeds were observed in the frontal,
temporal, and occipital lobes, brain stem, and cerebellum
on magnetic susceptibility-weighted imaging (Figure 1). The
imaging showed leukodystrophy and extensive CMBs tending

toward cerebral small vascular disease (cSVD), which appeared
similar to cerebral amyloid angiopathy (CAA) at first glance.
However, deep CMBs in the cerebral and cerebellar regions were
similarly observed; in contrast, other CAA-related features, such
as convexity subarachnoid hemorrhage and cortical superficial
siderosis, were absent. To further clarify the diagnosis, vasculitis
markers were assessed, and angiography was performed, both of
which showed negative findings. The blood pressure was noted
an average at 136/80 mmHg. Considering the patient’s hair loss,
which is a symptom of CARASIL, we detected a genetic mutation
linked to hereditary ¢SVD, and targeted panel-sequencing
revealed a novel homozygous missense mutation (c.508 A>C,
p-N170H, chr10:124248453) in the HTRA1 gene, which exhibited
heterozygous mutation in her father. Finally, the diagnosis
was confirmed as CARASIL. Following the administration
of donepezil and some neurotrophic treatments, the patient’s
symptoms did not improve but progressively worsened. At six
months of follow-up after discharge, she could neither walk nor
independently perform daily living activities.

DISCUSSION

CARASIL is an extremely rare cSVD, with most cases reported
in Asia, mainly in Japan and China. A few reports on Caucasian
patients have also been published in recent years (9-11). The
clinical manifestations include early adult-onset subcortical
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infarcts, progressive motor and cognitive impairment, alopecia,
and spondylosis; non-neurologic symptoms include special signs
that distinguish CARASIL from other diseases (1, 3, 4). Due
to the HTRAI mutation, dysregulation of the inhibition of
signaling by members of the TGF-p family induces cerebral
small vessel disease and has also been linked to alopecia and
spondylosis. The central pathology involves the lack of vascular
smooth muscle cells (VSMCs) in the media and adventitial
fibrosis, which invades the small penetrating arteries and mainly
affects the cerebral white matter and basal ganglia (12, 13).
Loss of VSMCs is the primary feature of CARASIL, followed
by deposition of granular materials in the media and fibrosis
of the arterial wall, leading to ischemic and hemorrhagic
consequences; consequently, diffuse white matter hyperintensity,
lacunar infarctions, CMBs, and encephalatrophy are observed on
MRI (14).

CMBs are increasingly being recognized as a characteristic
marker of cSVD on neuroimaging and progressing in various
locations for specific vascular pathologies among different
etiology. For example, the lesions in leptomeningeal and cortical
vessels contribute to strict lobar distribution, suggesting CAA,
while the deep perforating arteries match with the hypertensive
vasculopathy. Since the pial arteries, perforating arteries, and
arterioles are affected in CARASIL, the lobes and deep brain
regions are potentially involved in the pathologies simultaneously
(4). Previously, mild to moderate CMBs were observed in
patients with partial CARASIL, preferentially involving the
juxtacortical hemispheric areas, thalamus, and brain stem (5-
9). This patient showed multiple CMBs in all lobes, especially
in the cerebellum, which is rarely reported. Since other vascular
risk factors were absence, and the imaging findings, lacunar
infarctions and atrophy, were less severe, such numerous CMBs
and distinct locations may not be rationally explained by
comorbidity or disease progression in this case. Additionally,
it is unclear whether the presentation could be ascribed to
coincidence or the new HTRAI gene mutation. Based on the
available studies, the imagine features vary among different
families in CARASIL, and the underlying mechanisms are
unclear. Besides disease progression, different mutation sites
may also a cause of differential imaging findings. A case in
point is the various degrees and locations of microbleeds and
white matter hyperintensities found in patients with different
gene mutations (2, 3, 15). In some families, microbleeds were
absent, while most families showed mild microbleeds in cortico-
subcortica regions and thalamus. Even more, a few families
exhibited extend regions were involvement, such as midbrain
and pons. On the other hand, anterior temporal lobe immunity
in a few familial cases, whereas contrary findings were observed
in some other studies. However, there is no study on the
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relationship between gene loci and imaging features at present.
Under these circumstances, accurate diagnosis may be difficult
to establish based on imaging manifestations alone; therefore,
non-neurological signs and proper molecular testing should be
considered for an accurate diagnosis.

CONCLUSION

As a gene-associated orphan disease, the incidence of CARASIL
in the general population is low, and there is limited knowledge
about it. Our case describes a new genetic mutation that is not
listed in the Exome Aggregation Consortium database. Our data
further imply that different mutations could possibly lead to
different imaging findings. The imaging features and potential
mechanism of their versatility should be further investigated to
gain deeper insights into this condition.
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