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Abstract
Objectives
Familial hypercholesterolemia (FH), caused by PCSK9 p.E32K, is characterized by early-onset
coronary artery disease. However, the relationship between PCSK9 p.E32K and cerebrovas-
cular disease is unclear. One of our patients with the PCSK9 p.E32K had several intracranial
artery stenoses (ICAS). The objective of this case series was to identify factors that may be
associated with ICAS in the variant carriers.

Methods
A 75-year-old Japanese woman with FH carrying PCSK9 p.E32K was found to have 5 asymp-
tomatic ICAS when brain magnetic resonance angiography (MRA) was performed. We retro-
spectively investigated additional patients with FH who underwent brain MRA at our institution
to explore the unknown factors accelerating ICAS.

Results
We investigated an additional 5 patients with FH who underwent brain MRA. Of them, only
one had mild ICAS. The RNF213 p.R4810K that is an established genetic risk for ICAS,
particularly in East Asians, was identified only in the patient with 5 ICAS.

Discussion
PCSK9 and RNF213 play an important role in lipid metabolism and endothelial integrity.
Therefore, together, these variants could be involved in the development of multiple ICAS. Our
case series indicated that PCSK9 p.E32K carriers should undergo early brain screening to obtain
appropriate stroke prevention measures in the asymptomatic stage.

Introduction
Gain-of-function PCSK9 variants induce low-density lipoprotein (LDL) receptor degrada-
tion with a subsequent increase in serum LDL cholesterol levels, potentially exacerbating
clinical phenotype of familial hypercholesterolemia (FH).1 Among Japanese patients with
FH, the p.E32K variant is one of the most common pathogenic gain-of-function PCSK9
variants, accounting for 88.5% of the cases.2 Although FH is characterized by early-onset
coronary artery disease, the relationship between cerebrovascular diseases, such as in-
tracranial major artery stenosis (ICAS) and FH, is still controversial.3 However, a risk for
large-artery atherosclerosis stroke was reportedly higher in Han-Chinese patients with FH.4
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In our previous study, we identified the RING finger protein
213 (RNF213) p.R4810K variant as an established genetic
risk for ICAS in East Asians,5 and it was observed in ap-
proximately 25% of the Japanese patients with ICAS.6 By
contrast, 0.5%–2.5% of the East Asian general population
also harbor the RNF213 p.R4810K variant.5,7 Therefore,
it implies that additional factors are required to develop
ICAS associated with the RNF213 p.R4810K variant.

In this report, we present an atypical clinical feature as a
blended phenotype of FH accompanied by PCSK9 p.E32K
and RNF213 p.R4810K variants.

Case Description
A 75-year-old Japanese woman was diagnosed with FH carry-
ing PCSK9 p.E32K. She has been visiting a lipid clinic at the
National Cerebral and Cardiovascular Center (NCVC) in Ja-
pan from age 48 years. She had hypertension and was a smoker.
She had no history of diabetes mellitus, stroke, or coronary
artery disease. She had tendon xanthomas, not corneal arcus.
Her LDL cholesterol level was 178 mg/dL during her initial
visit, and since then, she was prescribed pitavastatin (2 mg/d).

At the age 74 years, her brain magnetic resonance angiography
(MRA) revealed 5 asymptomatic ICAS lesions in the right
intracranial internal carotid artery, bilateral A1 segments of the
anterior cerebral artery, M1 segment of the right middle cere-
bral artery, and M2 segment of the left middle cerebral artery
(Patient 1 in Table, Figure A).

It was unclear why this patient had multiple ICAS lesions
despite having started the appropriate medication since the
initial visit. Patients carrying PCSK9 p.E32K are generally not
susceptible to cerebrovascular diseases. To explore the un-
known factors accelerating this patient’s multiple ICAS, we
performed a retrospective study on other patients diagnosed
with FH due to PCSK9 p.E32K at NCVC based on the di-
agnostic criteria of the Japan Atherosclerosis Society between
May 2005 and March 2020. This study was approved by the
Research Ethics Committee of NCVC (Approval Nos. M17-
056, M24-080 and M30-145).

A written informed consent was obtained from all the pa-
tients. Among the 167 patients who were diagnosed with
FH and underwent brain MRA, 6 patients carrying PCSK9
p.E32K were found. However, 1 of the 6 patients harboring
PCSK9 p.E32K was eliminated. The left intracranial internal

Table Baseline and Neuroradiologic Characteristics of the Patients

Patient no. 1 2 3 4 5 6

PCSK9 p.E32K + + + + + +

RNF213 p.R4810K + − − − − −

Age 75 72 70 69 62 56

Sex F F F F F F

Smoking − − + − − −

Corneal arcus − − + − − −

Tendon xanthomas + − + + − −

LDL-C (mg/dL) 178 228 183 296 241 234

HDL-C (mg/dL) 48 90 44 64 88 65

Triglyceride (mg/dL) 154 90 225 139 89 196

Hypertension + − + + − −

Diabetes mellitus − − − − − −

PMH of stroke − − − − − −

PMH of coronary artery disease − − + − − −

Lipid-lowering drugs + + + + + +

Antihypertensive drugs + − − + + −

Antidiabetic drugs − − − − − −

Number of ICAS 5 0 0 1 0 0

Abbreviations: F = female; HDL-C = high-density lipoprotein cholesterol; ICAS = intracranial major artery stenosis; LDL-C = low-density lipoprotein cholesterol;
PMH = past medical history.
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carotid artery was not precisely assessed because the signal
intensity of the artery in the brain MRA was attenuated
possibly due to severe extracranial carotid artery stenosis or
occlusion.

Among the 5 patients except Patient 1, only 1 patient
(Patient 4) had mild ICAS (Table and Figure B). There
were no baseline factors specific to Patient 1, and the en-
vironmental factors responsible for accelerating multiple
ICAS remained unknown. These findings prompted us to
identify RNF213 p.R4810K. RNF213 p.R4810K was geno-
typed using a fully automated gene analysis system (Light-
Cycler 96; Roche, Basel, Switzerland). Only Patient 1 was
found to carry the RNF213 p.R4810K in addition to the shared
PCSK9 p.E32K.

Discussion
We demonstrated that the Japanese patient with both PCSK9
p.E32K and RNF213 p.R4810K variants had multiple asymp-
tomatic ICAS lesions. FH is not generally associated with
cerebrovascular disease, although it is reported that Asian
Han-Chinese patients with FH seemed to have a higher risk for
large-artery atherosclerosis stroke.4 That could be derived from

a higher frequency of RNF213 p.R4810K variant in East Asian
countries.

Notably, PCSK9 and RNF213 are both involved in lipid
metabolism. RNF213, an E3 ubiquitin ligase, colocalizes with
and stabilizes lipid droplets.5,8 We have reported that statin
use is associated with slower progression of ICAS in RNF213
p.R4810K carriers.9 Alternatively, endothelial damage could
be promoted by RNF213 p.R4810K with exacerbating in-
flammation10 and by PCSK9 p.E32K with the activation of
apoptosis and reactive oxygen species.11

There are several limitations. This case series included only 6
patients. Multicenter study is warranted to recruit more pa-
tients. Owing to the cross-sectional nature of this care series, it
focused primarily on elucidating the association between
ICAS and the 2 variants.

In conclusion, our patient harboring both variants may pro-
vide new insights for future studies on the development of
cerebrovascular diseases in patients with FH.We propose that
a genetic interaction contributes to the development ICAS in
patients with FH. Thus, PCSK9 variant carriers should un-
dergo early brain screening, and if an inherently rare ICAS is
discovered, appropriate stroke prevention measures should be
taken at the asymptomatic stage.
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Figure Brain Magnetic Resonance Angiography of the 2
Patients With PCSK9 p.E32K Variant

Patient 1 with the RNF213 p.R4810K showing five ICAS lesions (A) and Patient
4without the RNF213 p.R4810K showing only 1 ICAS lesion (B). Yellow arrows
indicate ICAS lesions. Abbreviations: R, right; L, left.

Appendix Authors

Name Location Contribution

Kotaro Noda,
MD

Department of Neurology,
National Cerebral and
Cardiovascular Center,
Suita; Department of
Neurology and
Neurological Science,
Graduate School of Medical
and Dental Sciences, Tokyo
Medical and Dental
University, Japan

Drafting/revision of the
manuscript for content,
including medical writing
for content; major role in
the acquisition of data;
analysis or interpretation
of data

Yorito Hattori,
MD, PhD

Department of Neurology,
National Cerebral and
Cardiovascular Center,
Suita, Japan

Drafting/revision of the
manuscript for content,
including medical writing
for content; study concept
or design; analysis or
interpretation of data

Continued

Neurology.org/NG Neurology: Genetics | Volume 9, Number 5 | October 2023 3

https://ng.neurology.org/content/0/0/e200099/tab-article-info
http://neurology.org/ng


References
1. Ogura M. PCSK9 inhibition in the management of familial hypercholesterolemia.

J Cardiol. 2018;71(1):1-7. doi:10.1016/j.jjcc.2017.07.002

2. Hori M, Ohta N, Takahashi A, et al. Impact of LDLR and PCSK9 pathogenic variants
in Japanese heterozygous familial hypercholesterolemia patients. Atherosclerosis. 2019;
289:101-108. doi:10.1016/j.atheroscler
osis.2019.08.004

3. Beheshti S, Madsen CM, Varbo A, BennM, Nordestgaard BG. Relationship of familial
hypercholesterolemia and high low-density lipoprotein cholesterol to ischemic stroke:
copenhagen general population study. Circulation. 2018;138(6):578-589. doi:
10.1161/CIRCULATIONAHA.118.033470

4. TungH,LinHJ,ChenPL, et al.Characterizationof familial hypercholesterolemia inTaiwanese
ischemic stroke patients. Aging. 2021;13(15):19339-19351. doi:10.18632/aging.203320

5. Ihara M, Yamamoto Y, Hattori Y, et al. Moyamoya disease: diagnosis and interven-
tions. Lancet Neurol. 2022;21(8):747-758. doi:10.1016/S1474-4422(22)00165-X

6. Hongo H, Miyawaki S, Imai H, et al. Comprehensive investigation of RNF213
nonsynonymous variants associated with intracranial artery stenosis. Sci Rep. 2020;
10(1):11942. doi:10.1038/s41598-020-68888-1

7. Koizumi A, Kobayashi H, Hitomi T, Harada KH, Habu T, Youssefian S. A new
horizon of moyamoya disease and associated health risks explored through RNF213.
Environ Health Prev Med. 2016;21(2):55-70. doi:10.1007/s12199-015-0498-7

8. Sugihara M, Morito D, Ainuki S, et al. The AAA+ ATPase/ubiquitin ligase mysterin
stabilizes cytoplasmic lipid droplets. J Cell Biol. 2019;218(3):949-960. doi:10.1083/
jcb.201712120

9. Okazaki S, Yoshimoto T, Ohara M, et al. Effect of the RNF213 p.R4810K variant on
the progression of intracranial artery stenosis: a 15-year follow-up Study.Neurol Genet.
2022;8(5):e200029. doi:10.1212/NXG.0000000000200029
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