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Abstract
Familial hypercholesterolemia (FH) is a severe autosomal-dominant disorder. We reported a case who
�rstly admitted to our institution for obvious cutaneous and tendinous xanthomas and high low-density
lipoprotein cholesterol when he was 3.7 year old in 2005. DNA sequencing detected the homozygous
mutation in LDLR exon9 c.1187-10G>A, a 3' splice acceptor mutation in poly-pyrimidine tract of intron 8.
During the long-term follow-up, progressive aortic stenosis and coronary atherosclerosis was found,
although given the lipid-lowing drugs. HoFH with c.1187-10G>A mutation in LDLR gene might lead to
severe damage in cardiovascular system and unsatisfactory response to conventional lipid-lowing drugs.
Other aggressive treatments should be used in HoFH patients with this mutation as early as possible.

Introduction
Familial hypercholesterolemia (FH) is a severe autosomal-dominant disorder, which is characterized by
elevated serum low-density lipoprotein cholesterol (LDL-C) levels, cutaneous and/or tendinous
xanthomas, corneal arcus and premature coronary artery disease (pCAD). It is mainly caused by genetic
mutations in several genes including LDL receptor (LDLR), apolipoprotein B, proprotein convertase
subtilisin/kexin9 (PCKS9) and LDLRAP1 genes.1    Recent study showed a prevalence of 1/300 for HeFH,
and 1/160,000- 1/300,000 for HoFH in general population.2

The harm of FH is mainly due to the extreme increased LDL-C levels damaging vascular endothelium. If
the elevated plasma LDL-C levels were not controlled effectively, it will cause progressive aortic valve
stenosis and coronary atherosclerosis. Most of HoFH patients will die before the third decade if
untreated. In this report, we reported 13-year follow-up of a HoFH child, who only took oral lipid-lowing
drugs and suffered progressive aortic lesions and coronary artery stenosis. This study was approved by
the AnZhen Hospital research ethics committee, and an informed consent form was signed by his mother.

Case Report
In 2005, a 3.7-year-old boy from Henan, China, was �rst admitted to our institution for obvious cutaneous
and tendinous xanthomas. When he was one-year old, he was admitted to another hospital for
xanthomas and found hypercholesterolemia. After one year later, he was given simvastatin (5 mg/qn) to
reduce the cholesterol levels. The �rst- and second- degree relatives had no xanthomas and familial
history of pCAD. Physical examination found multiple xanthomas of different sizes distributed in wrists,
elbows, ankles, knees, heel and hip (Fig 1). Lipid pro�le examination showed that total cholesterol (TC)
and LDL-C levels were 592 mg/dl (15.38mmol/l) and 535 mg/dl (13.90mmol/l), respectively.
Echocardiogram found mild mitral insu�ciency and enlargement of left ventricle. The carotid ultrasound
suggested that the membrane of total carotid artery thickened on both sides. Because his father did not
cooperate with the examination, only his mother accepted biochemical examination. The results showed
that TC and LDL-C levels in his mother were 333 mg/dl (8.66mmol/l) and 253 mg/dl (6.57mmol/l),
respectively. According to the Dutch Lipid Clinic Network Criteria (DNLC),3 the child was diagnosed
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clinically with HoFH. Subsequently, to identify the type of mutation, whole exome sequencing was carried
out. The methods of DNA extraction and sequencing have been reported in our previous studies.4 The
homozygous mutation in LDLR exon9 c.1187-10G>A, a 3' splice acceptor mutation in poly-pyrimidine
tract of intron 8, was detected in the child and the heterozygous form was detected in his mother.

Considering the high cost and surgical operation risk, his parents choose oral lipid-lowing drugs to reduce
the lipid levels instead of lipid apheresis or liver transplantation. Based on the diatery restriction,
ezetimibe (5 mg/ qd) and probucol (0.5 mg/ bid) were added, and dose of simvastatin was modi�ed from
5 mg/qn to 10 mg/qn.

After that, his lipid pro�les and echocardiography results were followed up (Fig 2, 3). In 2010, biochemical
examination showed that TC and LDL-C levels elevated to 777 mg/dl (20.17 mmol/l) and 644 mg/dl
(16.74 mmol/l), respectively. From then, TC levels �uctuated between 19.48 to 20.73mmol/l until 2015,
followed by a mild decline. Interestingly, we found TG and HDL-C levels gradually decreased from 2010 to
2018. In 2010, Echocardiograph showed mild thickening in aortic and mitral valves, and mild
regurgitation of aortic valve, mitral and tricuspid valves (Fig 4A). After suffering from one year repeated
chest tightness, he was admitted to cardiovascular department in our hospital in 2015. Coronary
angiography (CAG) examination was carried out and the results showed that a 90% stenosis in right
coronary artery (RCA) and a 70% stenosis in the middle of left anterior descending (LAD). Then a stent
was implanted in RCA. After that, atorvastatin (20mg/qn), ezetimibe (10 mg/ qd) and probucol (0.5 mg/
bid) were used to control cholesterol levels. In 2017, she was admitted to our hospital again for chest
pain. Echocardiograph is shown in Fig 4B. Compared to 2010, strong echoes plaque was present and
protruded into the aortic root, which leaded to left ventricular out�ow tract stenosis. Multiple calci�cation
and thickening were also observed in aortic isthmus, aortic noncoronary cusp valve and mitral valves.
CAG showed that a mild restenosis in previous stent was appeared in RCA. A new 80% stenosis in left
circum�ex (LCX) artery was observed, although there was no obvious progression of the stenosis in LAD.
Unfortunately, we were informed by his mother that he was died in 2018 December because of cardiac
sudden death.

Discussion
Epidemiological data showed that the prevalence of FH was 0.28 percent in general population and 7.1
percent in patients with myocardial infarction in China.5, 6 Another study showed a prevalence of 3.5
percent FH in patients undergoing CAG examination, using genetic diagnosis criteria.7 China accounts for
more than one �fth of the world's population. There are about 3.8 million potential FH patients in China.8

However, the underdiagnosis and undertreatment was common.

Several diagnostic criteria have been reported to identify FH. Among them, DNLC criteria were the most
accepted and commonly used criteria in clinical diagnosis.3 According to scores, patients were de�ned as
de�nite (>8 scores), probable (6-8 scores), or possible (3-5 scores). In 2018, consensus among Chinese
experts on screening, diagnosis and treatment of familial hypercholesterolemia was published.9 FH
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should be diagnosed clinically in children with LDL-C >3.6 mmol/l before treatment, and the family
history of FH or premature CAD in �rst-relatives.

Undoubtedly, the above criteria are mainly based on clinical phenotypes to diagnose FH. However, genetic
diagnosis is the gold standard for diagnosing FH,10 which may reduce the occurrence of misdiagnose. In
current case, we �rstly reported the homozygous mutation in LDLR exon9 1187-10G>A (IVS8-10G>A),
which is a 3' splice acceptor mutation in polypyrimidine tract of intron 8, using DNA Sanger sequencing
method in Chinese population. Up to date, 1741 mutations were recorded in LDLR mutation database
(http://www.ucl.ac.uk/ldlr/Current/) and most of them were detected only once. LDLR exon9 1187-10G>A
mutation was only reported in Canadian,11 Pilipinos,12 and French.13 Mutation of the G-to-A in the -10
position of the splicing acceptor site might create potential aberrant splice sites according to neural-
network computed estimation,13 which might lead to abnormal expression of LDLR. This might be partly
of reason lipid-lowing drugs having limited effect on the reduction of LDL-C. In addition, this case
suffered from serious lesion in cardiac valves and coronary artery in childhood, which might be due to
this homozygous mutation.

Statins remain the most common lipid-lowing drugs in FH. However, several prospective studies showed
that although most patients were on the maximum lipid-lowering therapy, only 11 % had reached the
target of LDL-C levels.14 In this case, although given statin and other lipid-lowing drugs, TC levels still
increased from 15.38 mmol/l in 2005 to 20.17 mmol/l in 2010, followed by a mild decrease. This initial
elevation of TC levels might be due to the natural process in children. So, we might underestimate lipid
levels in children sometimes, which also suggested that monitor lipid changes in FH children is important.
Whether or not to screening FH in children is still a controversial topic. If the plasma LDL-C concentration
is not controlled e�ciently, progressive aortic valve stenosis and calci�cation and coronary
atherosclerosis will occur. We found progressive aortic root stenosis, multiple calci�cation and thickening
in cardiac valves and coronary artery stenosis in this boy.

Early diagnosis and effective treatment are both critical for prevention the cardiovascular events in FH
patients. PCSK9 inhibitors, including Evolocumab and Alirocumab, could attractively decrease the LDL-C
levels in FH and statins intolerance and have been approved by FDA and CFDA.15 As the human IgG2
monoclonal antibody, PCSK9 inhibitors can block the interaction between PCSK9 and LDLR, decreasing
the degradation of LDLR, then increasing the levels of LDLR on the surface of hepatocytes and
facilitating the clearance of plasma LDL-C. In recent years, several RCTs and meta-analysis showed that
PCSK9 inhibitors reduced LDL-C levels greatly not only in HeFH, but also in HoFH patients.16, 17 The
HAUSER-RCT study, which is the largest randomized, placebo-controlled study with PCSK9 inhibitor being
conducted in the pediatric patients aged 10 to 17 years with HeFH, is ongoing and expects to obtain the
e�cacy and safety data in these patients.18 Despite its de�nitive lipid-lowering effect, the study on the
cost-effectiveness of PCSK9 Inhibitor therapy in patients with HeFH revealed that PCSK9 inhibitor use did
not meet generally acceptable incremental cost-effectiveness thresholds, according to the prices in 2015,
which might hinder the extensive use worldwide,19 especially in developing countries, such as in China.
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With the increasing attention to FH and wildly use of PCSK9 inhibitors in China, we hope more and more
FH patients will get effective therapy.

For HoFH, the early diagnosis and effective treatment was critical to prevent arteriosclerosis and
cardiovascular events. HoFH with c.1187-10G>A mutation in LDLR gene might lead to severe damage in
cardiovascular system and unsatisfactory response to conventional lipid-lowing drugs. Other aggressive
treatments should be used in HoFH patients with this mutation as early as possible.
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Figures

Figure 1

Multiple xanthomas A. In hip
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Figure 2

Multiple xanthomas B. In heel
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Figure 3

Multiple xanthomas C. In �nger joint
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Figure 4

Multiple xanthomas D. In elbow
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Figure 5

Lipid pro�les from 2005 to 2018 TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol
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Figure 6

Echocardiography results from 2005 to 2018 LVDd: left ventricle end diastolic diameter; LVSd: left
ventricle end systolic diameter; IVS: interventricular septum; EF: ejection fraction; FS: fractional
shortening; E/A: ratio of E to A peak.
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Figure 7

Echocardiography showing progressive valve lesions A, Long axis section of the left heart in 2010

Figure 8

Echocardiography showing progressive valve lesions B, Long axis section of the left heart in 2017


