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Case Report

A newly-found homozygous mutation in the
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Abstract: Homozygous familial hypercholesterolemia (HoFH) is a rare, inherited disorder, characterized by multiple
cutaneous and tendinous xanthomas, markedly elevated plasma low-density lipoprotein cholesterol (LDL-C) levels,
systemic atherosclerosis, premature coronary heart disease and homozygous mutation of genes related to LDL-C
elimination. This study reported an 8-year-old boy with HoFH, discussed its clinical manifestations, identified its
genetic mutation locus and conducted a familial genetic analysis. This Chinese boy gradually developed multiple
cutaneous and tendinous xanthomas, with elevated plasma level of low-density lipoprotein cholesterol (LDL-C), ap-
proximately 17.00 to 20.00 mmol/L at age of 5. Treatment with Statins and Ezetimibe made little effect on his LDL-C
level. By means of genetic analysis, a homozygous mutation at exon 4 of LDLR gene, ¢.459delC (p.GIn154Serfs*52)
was found in the patient. His parents, sister, uncle and grandmother had a heterozygous mutation in the same site,
as well as hypercholesterolemia, with their LDL-C level ranging from 3.89 to 5.60 mmol/L. Clinical manifestations,
family history and findings of genetic analysis of the patient satisfied the diagnostic criteria of HoOFH. LDLR gene is
the common mutational gene of FH. The homozygous mutation in exon 4 of LDLR gene, ¢.459delC, has not been
reported previously.
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Introduction

Homozygous familial hypercholesterolemia
(HoFH) is a rare autosomal co-dominant dis-
ease, characterized by multiple cutaneous and
tendinous xanthomas, markedly elevated plas-
ma low-density lipoprotein cholesterol (LDL-C)
levels, systemic atherosclerosis and premature
coronary heart disease. Despite its rarity, the
condition is considered to be life-threatening
and tends to have a poor prognosis. If left
untreated, most patients do not survive for
more than 30 years because of cardiac events.
Therefore, early diagnosis and prompt initiation
of lipid-lowering therapy are critical for HoFH
patients. This study reported an 8-year-old boy
with HoFH, discussed its clinical manifesta-
tions, identified its genetic mutation locus and
conducted a familial genetic analysis.

Case report

An 8-year-old male Chinese patient was admit-
ted in Mar. 2015 with a complaint of elevated
plasma low-density lipoprotein cholesterol
(LDL-C) levels and multiple xanthomas for 3
years.

In Mar. 2012, he developed white rice-shap-
ed nodules on the proximal interphalangeal
joints at age of 5. These nodules gradually
grew larger. One year later, he visited a local
hospital and was found to have elevated total
cholesterol (TC) level (21.04 mmol/L). Then he
was administered Simvastatin for 10 weeks
and Atorvastatin for 4 weeks but his TC level
remain unchanged. The patient gradually devel-
oped skin lesions on the extensor aspect of
wrists, elbows, ankles, knees and buttocks,
and the lesions were xanthous and flat, with
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tein cholesterol (HDL-C), apoli-
poprotein (Apo) A1, Apo(A),

I

Figure 1. Genogram of the HoFH patient. IV6, HoFH patient (Proband); 11, 12,
the cause of death was unknown; I13, died from cardiac event at 45; 116, died
from cardiac infarction at 50; 112, IlI3, 1115, 1116 and V5 were evidenced to be
HeFH by gene analysis; TC level and gene analysis of other family members

were unavailable.

Figure 2. The cutaneous and tendinous xanthoma of the patient. (A and B)
Tendinous xanthomas at the proximal interphalangeal joints (A) and ankles
(B); (C-E) Cutaneous xanthomas at wrist (C), elbow (D), and buttocks (E).

irregular borders. At the same time, slow-grow-
ing, painless and regularly-bordered nodules
appeared on his wrists and ankles (Figure 1). In
Mar. 2015, he was referred to Department of
Endocrinology of our hospital and received lab-
oratory and imaging examinations. Total TC,
total triglyceride (TG), low density lipoprotein
cholesterol (LDL-C), and high density lipopro-
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ApoB were 17.34 mmol/L,
0.85 mmol/L, 16.54 mmol/L,
0.62 mmol/L, 0.65 g/L, 454
g/L,and 4.1 g/L, respectively.
Ultrasound and CT didn't
reveal any abnormalities in
coronary artery, carotid artery,
vertebral artery and aorta-
ventralis. His parents were
closely related. His parents,
sister, uncle and grandmother
also had hypercholesterol-
emia, with their LDL-C level
ranging from 3.89 to 5.60
mmol/L, but didn’'t had xan-
thomas. Two of the family
members died from acute car-
diac events. The pedigree and
biochemical data are given in
Figure 2 and Table 1. This
patient was clinically diag-
nosed as having HoFH, and
was asked to be on low-cho-
lesterol diet and to take
Rosuvastatin and Ezetimibe.
A test conducted 8 weeks
later showed that his LDL-C
level was not substantially
reduced. Then he was advised
to initiate LDL-C apheresis.
His parents and other family
members gave their informed
consent for the research and
publication. The study was
approved by a local ethical
committee.

Mutation identification

Genomic DNAs were extract-
ed from peripheral blood
leukocytes of the patient and
his core family members by
employing DNAzol (Life Tech-
nologies). Eighteen exons of
low density lipoprotein recep-
tor (LDLR) gene were amplified in a 50 pl final
reaction volume containing 200 uM dNTP, 2 uM
of each primer, 100 ng of genomic DNA, and 2
U Taq polymerase (Life Technologies). The ther-
mal cycling profile for PCR consisted of an initial
denaturation of 94°C for 5 minutes, annealing
at 56°C and a final extension at 72°C for 5 min-
utes. The primers were determined as previ-
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Table 1. Lipid levels of the patient and his family members

Age TC TG LDL-C HDL-C ApoAl ApoB Apo (A)
(years) (mmol/L)  (mmol/L)  (mmol/L) (mmol/L) (g/L) (g/L) (g/L)
Patient (IV6) 8 17.34 0.85 16.54 0.62 0.65 4.1 454
Father (l115) 40 711 0.95 4.43 0.97 1.04 1.63 46
Mother (1116) 39 8.92 1.28 5.60 1.45 1.11 1.83 567
Sister (IV5) 17 6.36 0.48 3.89 1.11 0.90 1.23 409
Uncle (1l13) 45 8.51 1.12 5.37 1.29 1.09 1.86 455

Grandmother (112) 65 12.81 1.71
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Figure 3. LDLR gene mutation of the HoFH patient and his family. A. Homozygous c.459delC mutation at exon 4 of
LDLR gene of the patient (IV6); B-F. Heterozygous c.459delC mutation of LDLR gene of other family members of the
patients. B. The patient’s father (l1I5); C. The patient’s mother (llI6); D. The patient’s sister (IV5); E. The patient’s

grandmother (112); F. The patient’s uncle (1113).

ously described [1]. The PCR products were
purified and bidirectionally sequenced. A homo-
zygous mutation at exon 4 of LDLR gene,
¢.459delC (p.GIn154Serfs*52), was found in
the patient (Figure 3A). Heterozygous mutation
in the same site was found in his parents, sis-
ter, uncle and grandmother (Figure 3B-F).

Discussion

HoFH is a rare hereditary metabolic disease
with a global prevalence at 1-3/1,000,000 [2].
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The condition has been proved to be of autoso-
mal dominant inherence. The recently-identi-
fied genes included LDLR, ApoB, pro-protein
convertase subtilisin/kexin 9 (PCSK9) and the
LDLR adaptor protein 1 (LDLRAP1) gene [3] and
LDLR gene is found to be associated with to vir-
tually 65%~79% of FH cases [4]. LDLR is a gly-
coprotein on the surface of cell membrane and
plays a critical role in LDL-C elimination. Its cod-
ing gene is on the short arm of chromosome 19
(19p13) [5]. Nearly 1700 mutations were cata-
logued in London university database (http://
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www.ucl.ac.uk/fh). To date, tens of HoFH cases
have been reported, and more than 20 homo-
zygous mutations were identified [6-8]. In this
study, we presented a new homozygous muta-
tion in exon 4 of LDLR gene, c.459delC, which
has not been reported previously. This type of
homozygous mutation, as shown by computer-
ized analysis, generates a frame-shift muta-
tion, resulting in up to a 100% loss of receptor
activity.

By the diagnostic criteria of the European
Atherosclerosis Society, a definite diagnosis of
HoFH patient should be based on: pre-treat-
ment LDL-C level >13 mmol/L, plus one of fol-
lowings: (1) cutaneous or tendinous xanthoma
before age of 10, or (2) Two mutations at two
alleles of the LDLR, APOB, PCSK9, or LDLRAP1
gene locus, or (3) presence of heterogeneous
FH in both parents [7]. Clinical manifestations,
family history and findings of genetic analysis of
the patient satisfied the diagnostic criteria of
HoFH. For the treatment of the disease, the
goal is to keep the LDL-C level under 3.5
mmol/L and, for the children with high risk fac-
tors, the LDL-C level should be controlled under
2.5 mmol/L. The treatment for the disease gen-
erally consists of, among others, lifestyle modi-
fication (including relinquishing smoking, bal-
anced diet, exercises), blood pressure control
and statins-based medication. However, apher-
esis (including LDL apheresis and plasmaphae-
resis) may be needed when the aforementioned
treatment is inadequate or when patients are
intolerant of statin therapy [7, 9]. Nowadays,
some newly developed drugs, such as lomi-
tapide, mipomersen, PCSK9 inhibitor, as treat-
ment alternative etc, are being under clinical
trials as treatment alternatives for HoFH. For
this patient, his LDL-C level had not been well
controlled by rosuvastatin and ezetimibe for 8
weeks. Then he was advised to initiate LDL-C
apheresis and so far imaging examinations
didn’'t exhibit any atherosclerosis or cardiac
ischemia. He and his family members are now
under a long-term follow-up for further study.

Conclusion

This study reported a HoFH patient with homo-
zygous mutation at exon 4 of LDLR gene,
¢.459delC, which has not been reported previ-
ously. His parents, sister, uncle and grandmoth-
er had both elevated LDL-C level and heterozy-
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gote mutations at the same sites. FH is closely
linked to atherosclerosis and cardiovascular
events and early screening and treatment are
of great importance for FH patients and their
family members.
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