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Abstract
Familial Hypercholesterolemia is an autosomal, dominant genetic disorder associated with premature cardiovascular disease 
(CVD). Mutations in the LDLR, APOB, and PCSK9 genes cause the FH phenotype, but in 20% of FH patients, mutations 
in other genes cause FH. In this regard, we investigated the genetic basis of an Autosomal Dominant Hypercholesterolemia 
(ADH) phenotype in an Iranian family via next-generation exome sequencing with a panel of hyperlipidemia. We report the 
first case of FH in an Iranian family due to a mutation in the APOE gene. A 10-year-old female was referred to our genetic 
clinic with a family history of hypercholesterolemia and high cholesterol level at the age of 3. Evaluation of the lipid profile 
showed the off total cholesterol of 338 mg/dl, low-density lipoprotein cholesterol (LDL-C of 247 mg/dl(. We identified a 
mutation in the APOE gene, c.500_502del /p. Leu167del confirmed co-segregation in three individuals of the family from 
three generations. This in-frame mutation identified here, the first report in Iran, confirms previous reports that ADH can 
be caused by mutations within the APOE gene and strongly introduces it as the 4th gene that must be checked in the genetic 
investigating of FH.
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Introduction

Familial hypercholesterolemia is an autosomal dominant 
disease characterized by elevated plasma levels of LDL 
cholesterol [1]. Two Kind of FH is heterozygous(HeFH) 
and homozygous (HoFH) forms. Homozygous FH (HoFH) 
patients manifest a more severe clinical phenotype compared 
to heterozygous FH (HeFH). Homozygous FH is rare, with 

a reported prevalence of 1/1000 000 with plasma LDL-C of 
444-1089 mg/dl (11.5-28.2 mmol/l) [2–4].

HeFH is the most common monogenic disorder. The prev-
alence is reported to be 1:200–500, but more recent reports 
showed a higher prevalence of 1:100–250.

FH is usually caused by a mutation in one of three genes: 
the low-density lipoprotein cholesterol receptor (LDLR), 
Apolipoprotein B gene (APOB), or a gain-of-function muta-
tion in the gene for proprotein convertase subtilisin/ Kexin 
type-9 (PCSK9), but it is mainly caused by mutations in the 
low-density lipoprotein receptor (LDLR) gene that results in 
reduced uptake and clearance of LDL-C. More than 1200 
different types of mutations were described in the LDLR 
gene [5–7].

Less common causes of FH are mutations in the genes 
encoding Apolipoprotein B-100 (APO B-100) and propro-
tein convertase subtilisin/Kexin 9 (PCSK9) [8].

Apolipoprotein E (APOE) is a cholesterol transport pro-
tein and a cholesterol-carrying ligand for the lipoprotein 
receptors of the LDL receptor gene family. It is a multi-
functional glycosylated protein secreted from a variety of tis-
sues, including the liver, brain, kidney, adrenals, adipocytes, 

 *	 Roshanak Jazayeri 
	 roshanakjazayeri@gmail.com

1	 Department of Pediatric Endocrinology and Metabolism, 
Emam Ali Hospital, Alborz University of Medical Sciences, 
Karaj, Iran

2	 Diabetes Research Center, Endocrinology and Metabolism 
Clinical Sciences Institute, Tehran University of Medical 
Sciences, Tehran, Iran

3	 Non‑Communicable Diseases Research Center, Alborz 
University of Medical Sciences, Karaj, Iran

4	 Department of Genetics, Faculty of Medicine, Alborz 
University of Medical Sciences, Karaj, Iran

/ Published online: 10 March 2022

Journal of Diabetes & Metabolic Disorders (2022) 21:1201–1205

http://orcid.org/0000-0002-3230-4610
http://crossmark.crossref.org/dialog/?doi=10.1007/s40200-022-01007-1&domain=pdf


1 3

macrophages, and immune cells. Several studies showed that 
it is a major risk factor for neurodegenerative diseases and 
it may be genetically associated with late-onset Alzheimer’s 
disease [9]. On the other hand, APOE mutants are associ-
ated with type III hyperlipoproteinemia characterized by 
high cholesterol and triglycerides levels(6is).

FH is characterized by markedly elevated LDL-C, skin 
manifestations such as planar xanthomas, tendinous xan-
thomas, and premature arcus cornpredisposesdisposing 
affected people to premature atherosclerotic cardiovascular 
disease and death. Early identification and treatment of FH 
patients can improve prognosis and reduce the burden of 
cardiovascular mortality [10, 11].

We report a 10-year-old girl with HeFH, a mutation in 
APOE c.500_502del /p. Leu167del coed with co-segregation 
in three individuals of the family from three generations.

Case presentation

Our patient is 10 years old girl of Iranian origin diagnosed 
with Familial hypercholesterolemia since the age of 3. She 
was born of a healthy non-consanguineous parent but the 
same region referred to the endocrine clinic with high cho-
lesterol levels, because her mother had high cholesterol 

levels in childhood. At the time of referral, on clinical 
examination, she had no extensive tendinous xanthomas of 
the Achilles tendons, Arcus Cornelis, Xanthelasmataof the 
eyes, Xanthomas of the elbows, knee, metacarpophalangeal 
joints, Tuberous, palmar, or planar.

The weight of born and around her head was 3100 g and 
49 cm. She was a healthy child without any diseases, meta-
bolic disorders, or anomalies. Her baseline untreated LDL-C 
level was 191 mg/dl at the age of 3. Her endocrinologist 
advised when she will be 10 years old, she would test her 
lipid profile. Now she is 10 years old and imputed LDL-C 
level 247 mg/dl, HDL level 52 mg/dl, Total Cholesterol 
338 mg/dl, and Triglicerid is 66 mg/dl. She was started on 
Atorvastatin 20 mg per day. Three months later she tests 
again (Table 1). Her mother (302) had Familial hypercholes-
terolemia since aged 20 and, she was started on Atorvastatin 
20 mg at that time. Her aunt (303) had FH recently, and she 
used lipid-lower drugs, too.

Three-member of the mother’s family were also hyper-
cholesterolemia. The family history is shown in Table 2 and 
the family pedigree is shown in Fig. 1. She has a significant 
family history of FH and Atherosclerotic cardiovascular 
diseases (ASCVD). Her father and two of her uncles had 
Polycystic Liver and Kidney Disease, her aunts had suffered 
from Hypertension and Hypothyroidism.Genomic DNA was 

Table 1   Lipid profile of the 
patient

C cholesterol, LDL-C low-density lipoprotein cholesterol, TG triglyceride, HDL-C high-density lipoprotein 
cholesterol

Date TC mg/dl LDL-C mg/dl HDL-C mg/dl TG-C mg/dl Lipid-lowering Drugs

3 Years old 191 Wating up to 10years old
10 Years old 338 247 52 66 Atrovastatine 20mg/day
After 3 months 165 87 52 34 Up to now

Table 2   Patient’s Family History

Familymember Status Hypercholesterolemia Other diseases

201 Died at 56 old years by Cerebrovascular accident Yes Atherosclerotic cardiovascular diseases
202 Died at 60 old  years by   Myocardial Infarction Yes Atherosclerotic cardiovascular diseases
203 Alive, CABG at 57 Yes Atherosclerotic cardiovascular diseases
204 Alive, 57 years old Yes ------------
205 Died at 50 old years by Myocardial Infarction Yes Atherosclerotic cardiovascular diseases
206 Dermatitis Immune Disorders ----- -----
207 Alive, 50 Yes, Since 40 years old -----
301 Alive, 62 years old No Polycystic Liver and Kidney Disease  
302 Alive, 40 years old Yes, Since 20 years old Xanthomas of Joints
303 Alive, 42 years old Yes, Since 40 years old Polycystic Liver and Kidney Disease  
304 Alive ------------- Polycystic Liver and Kidney Disease
305 Alive ------------- Polycystic Liver and Kidney Disease
306 Alive -------------- Hypertension, Hypothyroid
401 Alive (proband), 10years old Yes, Since 3 years old -----------
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obtained from blood samples from the proband and 6 mem-
bers of her family. Informed consent was obtained from her 
family and this study complied with the Declaration of Hel-
sinki Principles. Clinical information and paraclinical results 
were obtained for his family members with particular atten-
tion to the Lipid profile. Permission to undertake the study 
was obtained from the Ethics Committee of Alborz Univer-
sity of Medical Sciences Karaj(Ethics Code: 139585), Iran.

Mutation detection

According to the pedigree (Fig. 1), we invited the family to 
the Genetic clinic. 5 ml of venous blood was obtained from 
the proband (401) and six of her family members (203, 204, 
207, 301, 302, and 303).

Targeted Exome Sequencing with 11 hyperlipidemic 
genes panel (including ABCG5, ABCG8, APOB, APOE, 
LDLR, LDLRAP1, LPL, PCSK9, SLCO1B1 CYP2C19) 
was performed in the proband. We removed all SNPs iden-
tified in non-coding regions or in cases where PolyPhen-2 
and SIFT were not expected to cause functional defects. PCR 
and Sanger sequencing was then performed to confirm the 
variant found in the proband. After analyzing the data and 
confirming the role of change observed in the proband, other 

affected individuals, parents, and healthy individuals of the 
main family were also examined with Sanger sequencing 
[12].

Discussion

The FH is an autosomal dominant disorder that results in 
high levels of LDL-C. In our report, the proband [13] her 
mother (302), her aunt (303), and her mother’s father (203) 
are HeFH for a mutation in APOE c.500_502del /p. Leu-
167del. Her father (301) and her grandmother (204) had no 
mutation in this gene. Due to the pattern of the family, we 
expected the inheritance pattern (Autosomal Dominant) of 
this mutation. We report the first case of FH in an Iranian 
family due to a mutation in the APOE gene.

This mutation has also been previously reported by 
Nguyen, et al. in a patient with sea-blue histiocytosis(with 
splenomegaly and thrombocytopenia in two unrelated 
probands of French Canadian ancestry with mild hyper-
triglyceridemia) and was known as APOE Leu149del, due 
to different numbering based on the exclusion of the pro-
peptide sequence [14].

The other report was two members of a French family, the 
proband and his brother were diagnosed with splenomegaly, 

Fig. 1   Family tree of the proband (401)
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thrombocytopenia, and hypertriglyceridemia. An APOE 
p.Leu149del mutation was found in both subjects and their 
mothers [15].

Rahalka et al. reported this mutation with the unusual Jap-
anese and British ancestry subject with hyperlipidemia and 
(Hypertriglyceridemia) Splenomegaly [16]. Okorodudu et al. 
reviewed 3405 patients from a lipid clinic database and they 
identified four patients with dyslipidemia and splenomegaly, 
one of whom had the APOE p.Leu167del mutation [7].

Awan reported this mutation in a 43-year-old man of Ital-
ian origin who presented with acute myocardial infarction. 
He had tendinous xanthomas, xanthelasmas, and elevated 
levels of total and LDL cholesterol, at 11.2 and 9.69 mmol/L, 
respectively, with normal levels of HDL cholesterol and tri-
glycerides at 1.62 and 1.13 mmol/L, respectively [5].

Exome sequencing did not identify any mutation in the 
LDLR, PCSK9, LDLRAP1, and APOB gene, but it showed 
that the strongest evidence of association was found for the 
previously identified apolipoprotein E mutation (APOE, 
chromosome 19:45412053-55) known as APOE Leu167del, 
an in-frame three base-pair deletion.

Most studies showed that there were 34 million FH cases 
worldwide. If it is undiagnosed and untreated, there is a 
significant CHD (coronary heart disease) onset presented 
before age 55 (men) and 60 (women). They may be pre-
sented tuberous xanthomas and xanthelasmata in the body. 
Half of all untreated HeFH men and 15% of women will die 
of CHD-induced myocardial infarction (MI) before these 
ages. 79% of Mutations in the LDLR gene are caused by FH 
cases and mutations for 5% of FH cases [6, 8, 17].

National Institute for Health and Clinical Excellence 
(NICE) guidelines and the National Lipid.

Association (NLA) has significant approaches to FH. 
Changing the lifestyle, Regular physical activity every week, 
a healthy diet, and normal BMI, and statins as the first line of 
treatment for HeFH children. The European and American 
guidelines recommended high doses of high potency statins 
in suspected genetic hypercholesterolemia with LDL cho-
lesterol values >190 mg/dL.

Lipid-lowering drugs, regularly statins or combination 
treatment, is required to obtain the recommended (LDL) 
cholesterol goals in most affected patients. This drugs like 
Atorvastatin has been approved for use from age 6 and it can 
be started at an early and have been shown to be safe and, it 
has been very well demonstrated in heterozygous subjects 
with mutations in LDLR, APOB, and PCSK9 [18].

In FH, the treatment goal should be for LDL < 132 mg/
dl (3.43 mmol/L) [3, 19, 20]. Our proband was started on an 
Atorvastatin 20 mg per day and after 3-month reduction of 
LDL level was significant.

Versmissen J, in 2008 showed that statin therapy had a 
76% overall risk reduction in CHD and no increased risk 
of adverse effects such as increased plasma liver enzyme 

activity, myalgia and, less commonly, rhabdomyolysis and 
myopathy. Several authors suggested that the best screening 
method is Cascade screening (CS), it is more cost-effective 
than other methods [21].

Conclusions

The FH is an autosomal dominant disorder that results in 
high levels of LDL-C. The diagnosis was based on elevated 
plasma LDL-C, a family history of hypercholesterolemia 
and Coronary Artery Diseases. Early diagnosis and treat-
ment of FH patients, is more cost-beneficial both economical 
and social with implications for mortality and morbidity, 
and familial screening via genetic tests seems to be the best 
approach to prevent Cardio Vascular Disease.
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