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ABSTRACT

Background: Retinal vasculopathy with cerebral leukodystrophy (RVCL) is an adult-onset, autosomal dominant disease involving
microvessels of the brain and eye resulting in central nervous system degeneration with visual disturbances, stroke, motor
impairment, and cognitive decline. Frameshift mutations at the C-terminus of TREX1 gene are the molecular cause of this
disorder. Objectives: The objective of this study is to present the different clinical manifestations of RVCL in three-related
patients and to investigate the presence of TREX1 mutation in the extended genealogy. Methods: Multidisciplinary testing was
performed in three related patients. Based on their family history, the study was extended to 34 relatives from the same
small community. Neurological evaluation, sequencing of TREX1, and presymptomatic diagnosis were offered to all partici-
pants. Results: The patients exhibited the heterozygous TREX1 mutation p.V235Gfs*6, but with phenotypic variability. In ad-
dition, 15 relatives were identified as pre-manifest mutation carriers. The remaining participants did not carry the mutation.
Conclusions: This is the first report of a large Mexican genealogy with RVCL, where the same TREX1 mutation causes a varia-
tion in organ involvement and clinical progression. The early identification and follow-up of individuals at risk may help provide
insights into the basis for this variability in presentation. (REV INVES CLIN. 2018;70:68-75)
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INTRODUCTION

The clinical entities cerebroretinal vasculopathy
(CRV); hereditary endotheliopathy with retinopathy,
neuropathy, and stroke; hereditary vascular retinopa-
thy; and hereditary systemic angiopathy have been
demonstrated to be linked to the same locus and are
combined as RV with cerebral leukodystrophy (RVCL)
(MIM#192315). RVCL is a devastating autosomal-
dominant condition whose symptoms generally ap-
pear in young adulthood, so RVCL can be passed to
the next generation before a diagnosis is made. There
have been 12 families known to be affected with
RVCL worldwidel-3.

Clinically, RVCL is characterized by microvascular
endotheliopathy leading to central nervous system
(CNS) degeneration and retinopathy. Diseased ce-
rebral white matter exhibits prominent, small in-
farcts that often coalesce into pseudotumors.
Death can occur within 10 years of onset of symp-
toms?.

RVCL is associated with mutations on the TREX1 gene
(3p21.31) (MIM#606609). To date, 66 mutations
have been published (HGMDB), and from these only
five variants have been documented to cause RVCL.
In addition, different TREX1 mutations have been as-
sociated with Aicardi-Goutieres syndrome, familial
chilblain lupus, and systemic lupus erythematosus?->.
TREX1 mutations associated to RVCL can lead to its
altered intracellular localization or insufficient produc-
tion of enzymes in the correct location to fulfill its
physiological role?->.

TREX1 encodes a ubiquitous exonuclease whose C-
terminal region is located in the cytosolic compart-
ment but during S-phase and in response to geno-
toxic stress, may relocate to the cell nucleus®”’.

Here, we describe the first large Mexican-Mestizo
genealogy with RVCL. Clinical details are given on
three-related patients with previous misdiagnoses
and variable expressivity. Molecular testing identi-
fied a mutation in TREX1 indicating an unequivocal
RVCL diagnosis. The study was extended to 34 rela-
tives, all of whom originated from the same small
community.
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SUBJECTS AND METHODS

Case 1 (index case)

A 52-year-old male with a clinical history of kidney
stones, chronic orchitis, hypertension, and progressive
visual impairment was admitted in our institution. His
father had systemic hypertension and his paternal
grandmother multiple sclerosis, but confirmation is no
longer possible. 2 years before admission, the patient
was evaluated by an ophthalmologist due to acute
bilateral visual loss and diagnosed with bilateral optic
neuritis based on the clinical findings, without radio-
graphic confirmation. The patient was treated with
retrobulbar steroid injections during 3 days showing
partial recovery of visual acuity for approximately 1
month. However, in the following months, the patient
referred loss of visual acuity, evidenced by the lower
capacity for reading and difficulty in distinguishing the
outlines of letters. The patient presented himself at
the emergency room with at least 5 days of progres-
sive gait impairment, decreased strength in the right
hand, and numbness in the right leg. At that moment,
the neurological examination revealed right hemicor-
poral pyramidal disorder, and the patient was admit-
ted to the demyelinating diseases’ outpatient clinic in
our institution. The ophthalmological findings were
reduced visual acuity of counting fingers at five feet
in the right eye, and 20/60 in the left eye, bilateral
dyschromatopsia (0/8 and 3/8 for right and left eye,
respectively). The visual field findings revealed a cen-
tral and temporal island of vision in the right eye and
a superonasal defect in the left eye. The funduscopic
examination revealed Grade 1 vitreous hemorrhage in
the right eye with optic disc pallor and sheathing of
retinal vessels in both eyes (not shown).

Laboratory testing (Table 1) showed renal impair-
ment, mild transaminases elevation, cerebrospinal
fluid with an increase in proteins and lactate. Neuro-
logical examination revealed right hemiparesis (mus-
cle strength scored as 3/5, and muscle stretch re-
flexes scored +++). The head magnetic resonance
imaging (MRI) exhibited a pseudotumoral demyelinat-
ing lesion (Fig. 1A and B), and this was the diagnosis
considered before the molecular study. Smoking and
drinking habits were interrogated since they are con-
sidered risk factors for vascular diseases. Case 1 did
not have a smoking habit and initiated alcohol con-
sumption at 17 years of age. The patient received
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Table 1. Demographic data, clinical, laboratory and brain MRI findings, and medical treatments in the three patients with RVCL

Data and findings Case 1 Case 2 Case 3
Demographic data

Smoke - X Xe

Alcohol intake X X X

Cocaine exposure - -

Hypertension X - X
Clinical findings

Retinopathy X -2 X

Pyramidal findings X X X

Nephropathy® X - -

Migraine - X -

Ischemic heart disease - - X
Laboratory findings

Anti-DNA autoantibodies X - -

TGO and TGP more than two times elevation X X X

Serum beta-2 microglobulin - - X

Renal impairment X - -
Brain MRI findings

Periventricular hyperintensities and pseudotumoral lesion X X X
Treatment

Rituximab X X

Intravenous steroids® X X

Intravenous immunoglobulinsd X

Cyclophosphamide X X

Azathioprine X

X symbol denotes the laboratory finding is present or is positive in the patient.
aCase 2 did not show any relevant eye findings at the clinical exploration, but this was done out of our institution.

®Data evidenced by serum creatinine elevations more than 2.0 mg/dL.
€1 g intravenous in acute stage.

40.4 mg/kg/d by five consecutive days.

€This patient stopped smoking 10 years ago.

MRI: Magnetic resonance imaging; RVCL: Retinal vasculopathy with cerebral leukodystrophy.

methylprednisolone for 5 days without clinical im-
provement and was then started on a rituximab treat-
ment. The patient has been clinically stable during
follow-up.

Case 2

A 46-year-old female patient, the first-cousin of cas-
es 1 and 3, was referred to our institution. Patient’s
family history of importance includes a sister de-
ceased from high-grade glioma; father deceased due
to an unspecified brain tumor, and two siblings with a
history of a cerebrovascular ischemic event.

Her relevant clinical history was recurrent episodes
of pulsatile holocranial headache (twice a month),
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sometimes accompanied by nausea and vomit, and
treated with nonsteroidal anti-inflammatory drugs. A
general physician diagnosed her with a migraine with-
out aura. 3 years later, she experienced right pyrami-
dal signs, sudden decrease in strength on the right
side of the body, which determined limitation for am-
bulation. The patient was diagnosed with a cerebro-
vascular ischemic event at another institution, re-
ceived only supportive therapy, and neurological
rehabilitation. Over the following months, she showed
some gait improvement, being able to walk with a
cane and recovered partial functionality of the right
upper extremity. 1 year after, the event described a
new clinical event with aphasia and progressive right
hemiparesis was documented (Fig. 1C and D). A brain
biopsy was performed outside of our institution
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Figure 1. Magnetic resonance imaging (MRI) radiological
findings in Case 1. (A) FLAIR hyperintensities and pseudotu-
moral left periventricular lesion. (B) Gadolinium ring en-
hancement in the left periventricular lesion. MRI radiological
findings in Case 2. (C) T2 hyperintensities, right frontal peri-
ventricular demyelinating lesion (arrowed) and left posterior
periventricular pseudotumoral lesion. (D) Gadolinium ring-
enhancing lesion (arrowed).

reporting vasculitis. The patient was discharged and
treated with oral steroids for 3 years. 4 years later,
she had a similar episode. A brain MRI (Fig. 1C and D)
and a new biopsy were performed, reporting fibrinoid
thrombosis (Fig. S1). Patient 2 smoked 10 cigarettes
per day and reported occasional alcohol consumption.

The patient was treated with immunosuppressors
(azathioprine PO, 3.0 mg/kg/day) (Table 1). Her last
visit to the outpatient clinic was 16 months after the
clinical event, without showing clinical improvement;
furthermore, pyramidal findings were augmented,
with increased spasticity in her lower limbs. Her fam-
ily reported the patient passed away at the end of
last year.

Case 3

A 50-year-old male, brother of case 1, was previ-
ously misdiagnosed with multiple sclerosis. He report-
ed clinical history of ischemic heart disease mani-
fested as acute myocardial infarction at the age of
40; 7 years later, a sudden decrease in visual acuity
in both eyes was added, and after ophthalmologic
evaluation with fundoscopy, he was diagnosed with
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idiopathic bilateral retinal vasculitis and received an-
tivascular endothelial growth factor as treatment,
with partial recovery of vision. 3 years later, the pa-
tient was admitted to our institution, and a neuro-
logical examination revealed right hemiparesis (mus-
cle strength scored as 2/5 in the upper limb, 1/5 in
the lower limb, with Babinski and muscle stretch re-
flexes scoring +++) limiting motion and daily activi-
ties for the right upper limb. The neuro-ophthalmo-
logical evaluation showed bilateral intravitreal bleeding
(Table 1). Brain MRI and biopsy were performed, indi-
cating a pseudotumoral demyelinating lesion (data
not available). The patient consumed 5-6 cigarettes
per day, but he stopped smoking more than 10 years
ago. He is a former drinker.

The patient was treated with intravenous immuno-
globulins, with clinical improvement, and was dis-
charged 1 month later. Since then, he has been ad-
ministered intravenous cyclophosphamide (CPM)
monthly. His last visit to the outpatient clinic was
24 months after the event, and he was found clini-
cally stable.

All the patients from this study came from a village
located in the State of Mexico, and all indicated that
there were additional affected relatives over several
generations.

Owing to clinical suspicion of RVCL (Table 1), we
searched for TREX1 mutations in the proband (Fig. 2).
Molecular testing confirmed the diagnosis of RVCL.
Since all the patients included in this study belonged
to the same family and because of the mode of in-
heritance of RVCL, we extended the study to at-risk
relatives who wanted to participate in the protocol by
completing a home visit voluntarily.

Thirty-four samples from related subjects (Fig. 2)
were collected. Two independent neurologists evalu-
ated all participants, and a well-structured clinical in-
terview was conducted asking directly about any neu-
rological symptoms. Participants signed informed
consents, and the protocol was approved by local
research and ethical committees.

A pedigree was constructed with information obtained
from several interviews with various family members
and with the help of a local historian (Fig. 2). Periph-
eral blood DNA was extracted, and sequencing of the
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Figure 2. Mexican genealogy with retinal vasculopathy with cerebral leukodystrophy. Molecular analysis of the TREXI gene
revealed the carrier status of the relatives that were studied. Black-filled symbols represent affected individuals; while left half-
filled symbols denote pre-manifest gene mutation carriers. Individuals with a negative result for TREXI mutation are shown
with upper half-filled symbols. Double lines denote consanguinity. A boxed family indicates consanguinity in a marriage of

mutation carriers.

Caszes

only exon of TREX1 was carried out in all participants
using conditions kindly provided by Richards et al.?
The sequences were analyzed using the AB3130 (Ap-
plied Biosystems, Carlsbad, CA, USA) system and the
GenBank NM_033629 file as reference sequence.

After the request of several participants who wanted
to know their molecular testing results and based on
experiences with genetic counseling and predictive
testing of Huntington’s disease in the Department of
Genetics at our institution, presymptomatic diagnosis
(PD) was offered to at-risk persons. Following inter-
national guidelines proposed by the World Federation
of Neurology® and specific guidelines for PD?, 11 in-
dividuals applied for PD after signing an informed con-
sent form.

RESULTS

Both the proband and his brother (Cases 1 and 3)
possessed the previously reported heterozygous
€.703_704insG insertion in TREX1'. According to the
translate tool from ExPASy, this frameshift mutation
(p.V235Gfs*6) truncates the resultant protein (Fig. S2).
After confirming segregation of the mutation in both
siblings, sequencing of TREX1 was undertaken for the
available individuals. The insertion was identified in
case 2 and 15 additional relatives (Fig. 2), all of whom
were healthy at the time of physical examination, and
negative for any symptom of RVCL as documented in
the clinical interview. For these last cases, considered
as pre-manifest TREX1 gene mutation carriers, an
MRI study was not deemed required since the inter-
view was well structured and covered every aspect of
the RVCL diagnosis. The remaining 19 participants did
not carry the mutation.

ST oy T
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Our three patients demonstrate intrafamilial pheno-
typic variability in RVCL including the age of presenta-
tion, severity of symptoms, organ involvement (Table 1),
and clinical course of the illness.

Eleven relatives were admitted for PD, including 6 men
and 5, women with a mean age of 28 years (SD 6.8,
R 20-40). The average years of schooling were 14.3
years (SD 2.9, R 9-17). After neuropsychological test-
ing and psychiatric interviews, only eight people were
given the results: 6 individuals were positive for the
mutation, and two were negative. The remaining
three individuals, who had symptoms of depression
and anxiety, were judged to be unfit to receive their
molecular results and were referred for psychiatric
attention. Once the psychiatrist considers that they
can reapply for the study, the outcome will be pro-
vided. All participants on the PD program were of-
fered to have a file opened at our Institute for moni-
toring and attention purposes.

DISCUSSION

This is the first report of a Mexican family presenting
RVCL and one of the largest genealogies carrying a
TREX1 mutation that has been documented to date.

In this work, we have highlighted the intrafamilial phe-
notypic variability in three cases with RVCL, which in
turn leads to a delayed diagnosis. The family history
and the multidisciplinary approach (including neurolo-
gists, radiologists, ophthalmologists, internists, and
geneticists) narrowed the diagnosis to RVCL, and the
genetic analysis confirmed a previously described
TREX1 mutationl (variant: CI075707 in HGMDB) in
the three clinical cases. The c.703_704insG TREX1
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gene mutation has been reported in Caucasian pa-
tients from The Netherlands, USA, Australia and Ita-
[y1:31011 The participants of this study are from a
village located in Mexico State, are Mexican Mestizos
(parents and grandparents of Mexican origin) and be-
long to the same family. Thereby, we suggest that
clinicians take a more thorough family history of pa-
tients with vascular disease.

Our clinical cases illustrate how this entity can be
misdiagnosed as an isolated cerebrovascular ischemic
event, or even as demyelinating diseases. Clinicians
should be alerted of patients with an apparent demy-
elinating disease but with atypical MRI findings and
include this entity in the differential diagnoses.

CRV was first reported in 199812 in a family with an
unusual history of brain tumors. Later, all the family
members were found to carry a TREX1 mutation® The
systemic variant of RVCL is characterized by the pres-
ence of pseudotumoral brain lesions with calcifica-
tions in the white matter, multiple sclerosis-like phe-
notypes, CNS vasculitis, and retinal disease313.14,
Since this disorder can affect multiple organs and
systems, patients show a heterogeneous clinical ex-
pression. Due to the emerging clinical picture with
systemic manifestations, authors from a retrospec-
tive study of 78 RVCL patients from 11 unrelated
families renamed the disease as “RVCL and systemic
manifestationst©”.

Physicians should take into account some differences
between RVCL, and multiple sclerosis: (i) The age of
onset in multiple sclerosis has a peak of 20-40 years
(mean age of 32 years)!®, whereas RVCL symptoms
commonly begin in the forties; (ii) although the in-
volvement of the optic nerve is present in both condi-
tions, in RVCL cases the pathophysiological phenom-
enon is of ischemic origin, and its recovery is little or
null*3; and (iii) overall, RVCL patients exhibit bilateral
retinal signs'®. Thus, both disorders differ in their
natural history.

Regarding brain MRI studies, even when the white
matter is affected in RVCL patients, these lesions
have a mass effect and are accompanied by a sudden
onset of neurologic symptoms. This scenario should
alert physicians to consider RVCL within the differen-
tial diagnosis of demyelinating lesions related to mul-
tiple sclerosist” or some glial neoplasia that definitely
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does not show this type of neurologic onset. Our
clinical cases highlight that a brain biopsy helps to
establish that the physiopathogenic mechanisms do
not correspond to those typically described for demy-
elinating diseases, while helping to exclude primary
brain neoplastic tumors?8.

Those cases whose clinical presentation suggests a
cerebral vascular disease (ischemic or hemorrhagic),
meaning a sudden presentation of a neurologic
deficit or the establishment of a subacute neuro-
logic deficit with MRI findings suggestive of isch-
emia (in the first case) or demyelination (second
case), may require a brain biopsy to reach a diag-
nosis. However, histologically, the biopsy may be
misinterpreted as a neoplasm!%!°. Hardy et al.ll
reported two siblings with RVCL; in one of them
demyelinating, tumefactive lesions, cerebral vascu-
litis and neoplasia were considered as diagnostic
possibilities, pointing to the frequent misdiagnosis
of this entity. They explained that when these le-
sions are accompanied by smaller periventricular
lesions, these may be mistaken for tumefactive de-
myelination. Regarding the radiological definition of
“tumefactive lesion,” it is not consistent throughout
the literature and may refer to various combina-
tions of size (> 2 cm), mass effect, edema, and/or
atypical enhancement patterns. In our study, the
smallest lesion identified by prebiopsy MRI was 0.5 cm
in diameter; the lower and upper quartiles for the
entire cohort were 2.5 and 6.0 cm, respectively. In
contrast, in a study of 168 cases, 13 patients pre-
sented lesion sizes of < 2.0 cm?7.

A subset of RVCL patients develops systemic vascular
involvement manifested by Raynaud’s phenomenon
or liver or renal dysfunction3. Our cases did not ex-
hibit Raynaud’s phenomenon, while hepatic altera-
tions were observed in the three patients, and renal
dysfunction was only found in patient 1.

In our three clinical cases, two common characteris-
tics were present: the sudden onset of neurological
symptoms, and periventricular hyperintensities and
pseudotumoral lesions as brain MRI findings (Table 1
and Fig. 1).

Brain manifestations have a prevalence of 81% includ-
ing focal neurological deficits and migraine in more
than 50% of the cases?®. In our study, only patient 2
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had a history of migraine. The presence of positive
anti-DNA auto-antibodies, as in Case 1, has been re-
ported on two patients!®. Taking into account the
complete penetrance of TREX1 mutations!#, the phe-
notypic variability in our three-related patients could
be explained by a combination of other genetic and
environmental factors.

There is only one report of a Taiwanese patient with
a heterozygous TREX1 c.294dupA and a homozygous
NOTCH3 c.1630C>T (p.R544C) mutation with a
modified phenotype of CADASIL?. Thus, there is a
possibility that genetic variants in genes encoding
proteins interacting with TREX1 or in other genes as-
sociated with small vessel's diseases of the brain can
modify RVCL progression.

Regarding the different clinical progression between
patient 2 and her two first-cousins, it might be at-
tributed at least in part, to differences in lifestyle.
Patient 2 showed a faster course and earlier age of
onset of RVCL, with also a higher amount and time of
cigarettes consumption than her cousins. RVCL is an
autosomal dominant disorder with 100% of pene-
trance and unavoidable clinical manifestations#. The
different clinical course in our three-related patients
suggests that a healthy lifestyle and prevention of
associated cerebrovascular disease risk factors might
delay the age at onset and severity of this disorder.
However, this needs to be proven in a longitudinal
follow-up of the patients.

It is also important to note that the cases presented
here received different medical treatment, raising the
question of how best to manage RVCL patients. To
date, there is no known treatment for the vasculopa-
thy associated with this mutation. The most effective
way to treat these tumor-like lesions is unclear. In the
literature, no benefit has been observed from plasma
exchange, IV immunoglobulins, or chronic immuno-
suppression3. Di Francesco et al. reported a patient
that was initially treated with immunosuppression
without any substantial improvement although a
transient stabilization of the clinical course was ob-
served using low molecular heparin. They also includ-
ed CPM in the treatment, but no additional informa-
tion was provided3.

Case 1 was treated with rituximab and CPM and was
apparently stable during the 24-month follow-up
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period after the clinical event. There is no document-
ed data related to these treatment options; only one
report suggests the use of natalizumab for RVCL!!. It
would be interesting to evaluate these therapeutic
options for a longer period in these patients.

There is evidence to support the use of CPM for small
vessel vasculitis??. Thus, it is reasonable to consider
using CPM to treat patients with pseudotumoral CNS
lesions. The cases presented here exhibited clinical
heterogeneity, making diagnosis, and selection of a
long-term treatment plan very difficult.

We identified 15 additional relatives who were pre-
manifest TREX1 gene mutation carriers (Figs. 2 and
S2). We will give them a strict clinical follow-up and
support, including MRI studies to detect abnormalities
in the pre-manifest phase of RVCL.

PD of RVCL was offered to all at-risk subjects, al-
though only 11 relatives applied for it. As in other in-
herited diseases, few people wish to learn about their
genetic status, mainly due to the lack of treatment
options. The decision on whether to provide a diagno-
sis to pre-manifest TREX1 gene mutation carriers is
complicated by medical, ethical, and legal issues.

Post-PD follow-up and support through a multidisci-
plinary team were offered to all of them. Furthermore,
to include preventive lifestyle measures and minimize
negative consequences of molecular testing, all par-
ticipants were invited to attend at least one RVCL-
related health education session.

Each child born to an individual with RVCL has a 50%
chance of inheriting the pathogenic variant of TREX1,
and this theoretical risk rises to 75% for the off-
spring of couples where both parents are carriers
(Fig. 2) when including the possibility of homozygous
alleles. The presence of consanguinity in two mar-
riages raises new ethical dilemmas for geneticists.
Interestingly, there have been reports of cases who
were homozygous for TREX1 mutations related to
different phenotypes: chilblains and cerebral vascu-
litis?1. Nevertheless, there have been no reports of
RVCL cases, including a homozygous mutant TREX1
genotype.

Finally, the pre-manifest TREX1 gene mutation carri-
ers (who will develop the disorder eventually) provide
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a model to study the early stages of the disease with
directed interventions, and the opportunity to iden-
tify modifier factors of RVCL, as well.
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