L))

Check for
updates

Case Report Page 1 0f 7

Identifying familial hypercholesterolemia in an early onset
ischemic cerebrovascular disease patient and the cascade
screening in the pedigree: a case report

Yuan Yuan'**, Xiaoyan Zhao™, Xiangyun Teng', Yunfeng Zhang’

'Department of Neurophysiology and Neuropharmacology, Institute of Special Environmental Medicine and Co-innovation Center of
Neuroregeneration, Nantong University, Nantong, China; “Department of Neurology, Affiliated Hospital of Nantong University, Nantong, China
"These authors contributed equally to this work.

Correspondence to: Yunfeng Zhang. Department of Neurology, Affiliated Hospital of Nantong University, Nantong 226001, China.

Email: dannychangnt@sina.com.

Abstract: Familial hypercholesterolemia (FH) is one of the most common inherited metabolic disorders
characterized by elevated low-density lipid cholesterol (LDL-C) levels that lead to coronary artery disease
at an early age and a low occurrence of cerebrovascular disease. Low-density lipoprotein receptor (LDLR)
gene mutation is the most common cause of FH. Here, we report a case of a 47-year-old woman who
had multiple carotid artery stenosis and brain ischemic foci, an elevated level of LDL-C, underwent
eyelid xanthoma excision, and a family history of hyperlipidemia. Thereafter, she was diagnosed with FH
according to the Dutch Lipid Clinical Network criteria and whole genome sequencing revealed compound
heterozygous LDLR mutations. However, she denied a history of coronary heart disease (CAD). The
patient underwent stenting of the right subclavicular artery and right internal carotid artery in our hospital.
Lipid-lowering drugs were also administered to prevent stroke recurrence. During a 3-year follow-up, the
blood lipid level of the patient reduced, and the condition of intracranial and extracranial vascular stenosis
improved. Furthermore, a cascade screening was performed in her pedigree, and 7/9 family members were
found to have elevated LDL-C, 6/7 were found to carry one of the two LDLR variants detected in the
proband, and in 4/6, the carotid intima-media thickness was >1 mm, which was predicted as a high risk
factor of cerebrovascular disease. Her relatives with high risks of cardiovascular or cerebrovascular diseases
have been under lipid monitoring and management of risk factors since then. To date, no cardiovascular
or cerebrovascular event has been reported. In conclusion, this case reminds us to consider FH screening
in early-onset stroke or transient ischemic attack patients with elevated LDL-C level. Our report also

demonstrates the beneficial role of genetic testing and cascade screening in the relatives of FH patients.
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Introduction

Familial hypercholesterolemia (FH) is a common
genetic disorder characterized by elevated cholesterol
concentrations, especially low-density lipid cholesterol
(LDL-C), in early life, and is associated with premature
cardiovascular disease. Mutations in four genes have been
reported to be responsible for an estimated 70-95% of
FH: LDL receptor (LDLR), apolipoprotein B (Apo B),
proprotein convertase subtilin/kexin 9 (PCSK9), and low-
density lipoprotein receptor adaptor protein (LDLRAP).
Additionally, LDLR mutation has been shown to be the
most common cause. Its inheritance is in an autosomal
codominant way in most cases. FH increases the risk of
premature coronary heart disease (CAD), which may
manifest as angina and myocardial infarction; stroke occurs
more rarely (1-4).

Here, we report the case of a 47-year-old woman who
had multiple carotid artery stenosis, ischemic brain foci,
and elevated plasma LDL-C level, but no sign of CAD,
who was diagnosed with FH according to Dutch Lipid
Clinical Network (DLCN) criteria and carried compound
heterozygous pathogenic LDLR variants. Based on her
diagnosis, a cascade screening was performed in her
pedigree. We present the following case in accordance with
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5600).
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Case presentation

All procedures performed in studies involving human
participants were in accordance with the Helsinki
Declaration (as revised in 2013), and this study was
approved by the ethics committee of the Affiliated Hospital
of Nantong University (approval number: 2019-K092).
Written informed consent was obtained from the patient
for publication of this study and any accompanying images.
The patient was a 47-year-old woman who visited our
hospital in January 2017 with a complaint of numbness
and weakness in the left limb for more than one month.
When we inquired about her medical history, the patient
mentioned that she had a history of “hyperlipidemia” nine
months prior and had not received regular treatment. She had
a history of hypertension for more than 10 years and took
valsartan orally to control her blood pressure. The patient
also had a history of eyelid xanthoma excision 20 years ago.
When inquired about her family history, she mentioned
that her mother died from a sudden cerebral hemorrhage
28 years ago; her brother, half-sister, and their offspring, all
had hyperlipidemia. However, she denied a history of CAD.
After admission, the patient’s physical examination showed
a slightly sluggish response, mild hemiplegia in the left
limb, and a slight decreased response to pain and touch. Her
total cholesterol, triglyceride, LDL-C, and head and neck
angiography were then examined (Table 1 and Figure I). A

Table 1 Clinical and genetic characteristics of the family members in the cascade screening

No. Sex Age BMI  TC(mM) TG(mM) HDL-C(mM) LDL-C(mM) ICD c-IMT DLCN  LDLR variant
4t F 49 253 8.3 15 1.3 85" Y Y de vi+v2
11 M 52 21.2 9.0 0.8 1.4 6.5 N Y pr vi
15 F 68  25.0 7.2 15 1.4 4.8 N N po vi
m M 28 243 5.9 1.2 1.2 4.1 N N po N
13 F 26 17.1 6.7 1.2 1.0 4.7 N N po vi
ms M 17 160 5.7 0.5 1.4 3.9 N N po v2
nme M 43 293 8.9 2.3 0.8 6.9 N Y pr vi
1119 F 40 229 9.0 15 1.2 6.8 N Y pr vi
v3 M 19 319 8.2 1.1 1.0 6.2 N Y po vi
V4 M 17 262 3.6 0.9 1.0 2.2 N N un N

', represents the estimated value before taking medicine calculated by measured value divided 0.7; *, proband; No., Pedigree chart coding
number; BMI, body mass index; TC, total cholesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; LDL-C, low density
lipoprotein cholesterol; ICD, ischemic cerebrovascular disease, when the patient had early-onset ICD, determined by male <55 years old,
female <60 years old, it was yes (Y), otherwise it was no (N); c-IMT, carotid intima-media thickness, when the value =1 mm, it was yes (Y),
otherwise it was no (N); DLCN, Dutch Lipid Clinical Network criteria; de, definite; pr, probable; po, possible; un, unlikely; LDLR variant, sanger
sequencing result of the two LDLR variants, v1 and v2 represent variant 1 and variant 2 respectively; N, no variant; F, female; M, male.
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Figure 1 Imaging of the carotid artery stenosis and brain ischemic foci of the proband. (A) Multiple stenosis of bilateral distal common

carotid artery detected by magnetic resonance angiography. Severe stenosis of the right distal common carotid artery (B) and the subtotal

occlusion in the left distal common carotid artery, proximal internal carotid artery, external carotid artery (C), and multiple stenosis of

bilateral proximal subclavicular artery (D) detected by digital subtraction angiography. Multiple ischemic foci are found in bilateral basal

ganglia, and white matter hemioval center as detected by cranial magnetic resonance imaging; abnormal signals are seen in the right occipital

lobe (E). (F) The intracranial segment of computed tomography angiography in the head and neck shows multiple intracranial vascular

stenosis. The carotid artery stenosis and brain ischemic foci are indicated by yellow arrows.

review of cranial computed tomography angiography in our
hospital suggested that there were mixed plaques and mild
to moderate stenosis in the wall of bilateral common carotid
artery, and segmental stenosis in bilateral middle cerebral
artery and anterior cerebral artery. Thereafter, stenting
of the right subclavicular artery and the right internal
carotid artery was performed in our hospital, and long-
term oral antiplatelet aggregation and lipid-lowering drugs

© Annals of Translational Medicine. All rights reserved.

(atorvastatin 40 mg/day and ezetimibe 10 mg/day) were used
to prevent recurrence of stroke. During a 3-year follow-
up, the blood lipid level of the patient reduced, and the
condition of intracranial and extracranial vascular stenosis
improved. Moreover, no evidence of arterial calcification was
observed during the follow-up.

This patient was not diagnosed with obesity, diabetes,
or other conditions that could lead to secondary
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Figure 2 Validation of LDLR variants in the proband through Sanger sequencing, and the gene test results in the pedigree through cascade

screening. (A,B) show the validation results of Sanger sequencing of the LDLR variants 1 and 2 in the proband discovered through whole

genome sequencing, respectively. (C) The cascade screening in the pedigree (shown by the colorful arrows), the c-IMT (filled with blue),

and LDLR variant test results marked with v1 and v2; v1 represents LDLR variant 1, while v2 represents LDLR variant 2, which were found

in the proband.

hypercholesterolemia or phytosterolemia, nor intook
extra cholesterol. Her clinical features and family history
indicated the possibility of FH. FH was diagnosed
according to the DLCN criteria (5), her score was 11, and
was classified as definite FH. To further confirm genetic
analysis and to identify disease-causing mutations, whole
genome sequencing was performed. 90.41 G raw data
and 89.26 G clean data were obtained on the Illumina
sequencing platform. A total of 3,662,148 single nucleotide
variations, 891,303 insertions and deletions, 502 copy
number variations, and 1,500 structural variations were
detected. Among these variations, two mutations in LDLR
drew our attention, since LDLR mutations are responsible
for about 70% of FH occurrence (1). One of the mutations
was chr. 19: 11113268 G>A (defined as variant 1); it is
represented as NM_000527.5 (LDLR): ¢.1187-10G>A in
the ClinVar database (Variant ID: 226349). This variant
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changes a single nucleotide in intron 8 of LDLR mRNA and
is predicted to alter mRNA splicing. The other mutation was
chr. 19: 11116900 C>T (defined as variant 2), represented
as NM_000527.5 (LDLR): ¢.1747C>T (p. His583 Tyr,
or p.H583Y) in ClinVar (Variant ID: 200921). Both
mutations are interpreted as pathogenic/likely pathogenic
according to previous research. The two variants were
confirmed by Sanger sequencing (Figure 2A4,B). Based on
the gene sequencing results, the patient’s condition was
unequivocally FH.

Subsequently, cascade screening was performed among
the proband’s family members. Three rounds of cascade
screening were conducted (Figure 2C), and the evaluation
of FH was performed according to the DLCN criteria.
The first round tested the first-degree relatives of the
proband (II4), including her brother (II1), half-sister (II5),
her daughter (1I13), and son (III5). II1 was classified as a
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probable FH patient, while II5, I113, and III5 were classified
as possible FH patients. In the second round, we assessed
the first-degree relatives of 111 and II5. We tested the son
of 111 (I112) and the son (II6) and daughter (I119) of 115, and
the screening results were possible, probable, and probable
FH patients, respectively. In the third round, we screened
the son of 1116 (IV3) and 119 (IV4); the evaluation results
were possible and unlikely FH patient, respectively. All the
cascade screening results are summarized in Table 1.

Furthermore, the two pathogenic LDLR variants carried
by the proband were detected in her pedigree through high
fidelity PCR and Sanger sequencing. Unfavorably, 6/9 and
1/9 of the relatives were found to carry LDLR variants 1 and
2, respectively (Table 1 and Figure 2C). Except for 1112, who
was classified as a possible FH patient but did not carry any
of the two LDLR pathogenic variants, the diagnosis results
according to the DLCN criteria were consistent with the
gene test results. We have suggested lipid monitoring, risk
factor management, and lifestyle guidance for her relatives
with high risks of cardiovascular or cerebrovascular diseases.
To date, no event related to either of these diseases has been
reported in her pedigree.

Discussion

The relationship between FH and ischemic cerebrovascular
disease is controversial. In the present case, the index
patient was diagnosed with FH according to the DLCN
criteria and genetic test results. She presented with the
clinical features of ischemic cerebrovascular disease at an
early age, while denying the sign of CAD, which is the most
common manifestation of FH. Although stroke occurs more
rarely than CAD in patients with FH, cases like ours may
not be that uncommon. In a study on patients with acute
ischemic stroke or transient ischemic attack (TTA), based on
the DLCN algorithm, the frequencies of potential FH and
probable/definite FH were 11.5% and 1.3%, respectively.
The prevalence was even higher in patients with early onset
of stroke/TTA manifestation (before the age of 55 in men
or 60 in women, 13.1% or 3.1%, respectively). Moreover,
in two-thirds of the patients with probable/definite
and possible FH, stroke or TIA was the initial clinical
manifestation of the disease. Therefore, the authors suggest
to consider FH screening as part of the usual diagnostic
work-up in stroke or TTA patients (6). Moreover, aggressive
treatment has been recommended for FH patients with
early-onset of TIA or stroke (7). Additionally, a higher
prevalence of cerebral small vessel disease in in patients
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with FH compared to that in healthy controls (25% versus
5.7%) was reported in a study based on 7T magnetic
resonance imaging. Therefore, the authors recommended
that attention should be paid to not only the development
of CAD but also cerebral vascular disease in patients with
FH (8). Further studies are needed in the future to improve
the detection rate of FH in patients with ischemic stroke or
"TTA so that they can be treated before the onset of CAD.
FH is currently substantially under-diagnosed and under-
treated worldwide, despite being the most common genetic
disorder with a prevalence of 1/200 to 1/250 (9). Only
10% of the FH population are diagnosed and adequately
treated because of the lack of awareness of FH among the
public and medical community. To improve the diagnosis
and treatment of FH, a global call to action was made by
the Global Familial Hypercholesterolemia Community to
provide public policy recommendations covering awareness,
advocacy, screening, testing and diagnosis, treatment,
family-based care, registries, research, and cost and value (9).
Among these aspects, diagnosis is one of the cornerstones.
Until now, several clinical criteria including Simon Broome
(from the UK), DLCN (from the Netherlands), Make Early
Diagnosis to Prevent Early Death (MEDPED) (from the
USA), and the recent Montreal-FH-SCORE have been
applied in FH diagnosis. All of these criteria comprise of
several prognostic scores including patient’s lipid levels,
cutaneous stigmata, and personal and family history of
CAD. Moreover, owing to the rapid improvement and wide
availability of molecular diagnosis methods, identification of
a pathogenic variant in a gene known to be associated with
FH has become the gold standard for FH diagnosis (10).
Although genetic testing provides great help in the
diagnosis of FH, a discrepancy in clinical and genetic FH
diagnosis exists. In the present case, one relative of the
proband who was diagnosed with possible FH based on
DLCN criteria did not carry any of the LDLR pathogenic
mutations found in the proband. This situation is not rare. It
has been reported that in 28-80% of FH patients examined
over clinical criteria alone, depending on the diagnostic
algorithm and the method of analysis, genetic testing
provided confirmation (11). Some patients with a clinical
diagnosis of definite FH have no mutations in the genes
associated with the disease but still have a high cardiovascular
risk (12,13). A polygenic etiology is the most probable reason
for majority of individuals to be clinically diagnosed with FH
while no known pathogenic variant could be identified (14).
Based on this situation, FH has been proposed as a syndrome
that is composed of patients with or without detected disease-

Ann Transl Med 2021;9(2):180 | http://dx.doi.org/10.21037/atm-20-5600



Page 6 of 7

causing mutations. Early and intensive lipid-lowering therapy
is recommended for all patients with FH (12). Notably, a
confirmed molecular diagnosis reportedly increases lipid-
lowering therapy adherence (11).

Cascade screening of FH is much more cost-effective
than universal screening. In two large population-based
studies consisting of 76,751 individuals, an FH-causing
variant was identified only in 1.7-2.5% of subjects with
LDL-C levels over 4.9 mmol/L (190 mg/dL); therefore,
genetic testing of FH-causing mutations has a poor yield
in unselected patients with elevated levels of LDL-C as the
sole criterion (11). Meanwhile, 44.76% (30-60%) new cases
on average when using a cascade testing strategy, and 4.11
versus 1.06 new cases per index case were found when active
sample collection was used compared to the collection
at the clinic, showing that active cascade screening is a
cost-effective way to screen patients with FH (15). In the
present case, we performed active cascade screening in the
proband’s family and found that 7/9 of her family members
had elevated LDL-C levels, and 6/7 carried one of the
LDLR variants found in the proband. Moreover, 4 family
members with ¢-IMT >1 mm carried LDLR variant 1.
Therefore, our case demonstrated the beneficial role of
active cascade screening. Furthermore, early unequivocal
diagnosis helps family members in the prevention of
cerebrovascular disease and/or CAD at an early age. Since
I3 has been validated to carry LDLR variant 1, a genetic
test is expected to be performed for her 5-year-old son (IV2)
soon, and she was grateful to us for the active screening
and early diagnosis of her son.

Appropriate treatment is essential to prevent or delay the
onset of cardiovascular disease in FH patients. The optimal
LDL-C goal for lipid-lowering therapy recommended
by international guidelines is <100 mg/dL (<2.6 mmol/L)
for adults or <70 mg/dL (<1.5 mmol/L) for adults with
coronary heart disease or diabetes, and <135 mg/dL
(<3.5 mmol/L) for children, or at least a 50% reduction
in LDL-C levels (16,17). Traditional treatments for FH
are statins (3-hydroxy-3-methylglutaryl-CoA reductase
inhibitors), ezetimibe (a selective transport inhibitor of
cholesterol and phytosterol in the small intestinal mucosa),
and apheresis. Lomitapide (an inhibitor of microsomal
triglyceride transfer protein), mipomersen (an antisense
molecule that targets the mRNA encoding APOB-100
produced by the liver), bile acid sequestrant, and niacin
have also been used for LDL-C reduction in homozygous
FH patients (7,17,18). The approval of PCSK9 inhibitors in
2015 started a new era for cardiovascular disease prevention
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in patients with FH. Evolocumab, a PCSK9 inhibitor, is
proven to be well tolerated and effectively reduces plasma
LDL-C levels in homozygous FH and severe heterozygous
FH patients over a median of 4.1 years (19). Besides, several
experimental drugs are under clinical trials. Evinacumab,
being a very promising one, is a monoclonal antibody that
binds to ANGPTL3 with the aim to further reduce the
level of LDL-C in homozygous FH patients (20). With
advancement in research, more treatment options are
expected to be available for patients with FH in the future.

In conclusion, this case reminds us of the possibility of
FH in patients with early onset of cerebrovascular disease.
Further, when a patient is diagnosed with FH, a cascade
screening including clinical and genetic tests should be
strongly recommended based on pedigree.
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