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SUMMARY 

 

Background: Familial hyperlipidemia (familial hypercholesterolemia, FH) is an autosomal genetic disorder. It in-

cludes type heterozygous familial hyperlipidemia (heterozygous familial hypercholesterolemia). HeFH is mainly 

caused by mutations in the LDLR, APOB, and PCSK9 genes and is characterized by elevated plasma low-density 

lipoprotein cholesterol levels. 

Methods: We present a case of HeFH attributed to an APOB gene mutation. The whole-genome DNA of peripher-

al blood was extracted from the blood of the proband and their parents, and the exons of peripheral blood were 

sequenced through high-throughput sequencing. The selected mutation sites were verified by sequencing using the 

Sanger method. 

Results: A heterozygous mutation, c.6551A>G (p.Y2184C), in exon 26 of the APOB gene (Chr2-21233189) was 

identified in both the proband and the mother. Combined with the clinical features, HeFH caused by this muta-

tion was initially considered. 

Conclusions: For patients with a high degree of clinical suspicion of FH, a definitive diagnosis should be estab-

lished through genetic testing, enabling patients to receive early treatment and effectively prevent the occurrence 

of cardiovascular events. 

(Clin. Lab. 2025;71:xx-xx. DOI: 10.7754/Clin.Lab.2024.240751) 
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INTRODUCTION 

 

Familial hypercholesterolemia (FH) is a prevalent auto-

somal genetic disorder, which is characterized by ele-

vated levels of plasma low density lipoprotein choles-

terol (LDL-C). Arteriosclerotic cardiovascular diseases, 

such as coronary heart disease, ischemic stroke, and pe-

ripheral artery disease, occur prematurely and progress 

rapidly [1]. In two meta-analyses conducted in 2020, the 

prevalence of heterozygous familial hypercholesterol-

emia (HeFH) in the general population was 1/311 and 

1/313, respectively [2,3]. The genes of HeFH mainly 

encompass LDLR, APOB, and PCSK9. Currently, over 

2,000 mutant genes of LDLR have been reported [4], 

but only a limited number of mutations have been iden-
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tified in APOB and PCSK9 [5-8]. In this paper, a family 

analysis of HeFH caused by an APOB gene mutation is 

reported to provide evidence for the clinical diagnosis 

and treatment of the patient. 

 

 

CASE PRESENTATION 

 

The proband, a 27-year-old male, visited the outpatient 

department of Endocrinology at Shaoxing Central Hos-

pital on December 30, 2023, due to "discovery of ele-

vated blood lipids for 3 years". The patient's physical 

examination three years ago revealed elevated blood 

lipids, with total cholesterol at 6.22 mmol/L, low densi-

ty lipoprotein at 4.07 mmol/L, high density lipoprotein 

at 1.77 mmol/L, triglyceride at 0.78 mmol/L, and nor-

mal thyroid function. He has been on a controlled diet 

without medication. On the day of re-examination for 

treatment, it was shown that total cholesterol was 7.28 

mmol/L, low density lipoprotein was 4.97 mmol/L, tri-

glyceride was 0.77 mmol/L, and thyroid function was 

normal. Atorvastatin 10 mg tablet was prescribed for 

oral lipid-lowering treatment once before bedtime. After 

1 month of treatment, total cholesterol was 5.17 

mmol/L, low density lipoprotein was 2.68 mmol/L, high 

density lipoprotein was 1.45 mmol/L, and triglyceride 

was 0.83 mmol/L. Physical examination: height 180 cm, 

body weight 80 kg, body mass index 24.7 kg/m2, blood 

pressure 125/72 mmHg (1 mmHg = 0.133 kPa), body 

shape was normal, no physical appearance of Cushing 

was observed, and heart, lung, and abdominal examina-

tions were normal. No edema was found in both lower 

limbs. 

The mother of the patient had a family history of hyper-

lipidemia (Figure 1). Her total cholesterol was as high 

as 5.57 mmol/L and low density lipoprotein was up to 

3.38 mmol/L. Arterial B-ultrasonography indicated 

plaque formation, and blood lipid returned to normal af-

ter diet and exercise control. None of the patient's fa-

ther, grandparents or maternal grandparents had a his-

tory of hyperlipidemia. 

With the informed consent of the patient and his family, 

the blood of the proband and his parents was extracted 

for peripheral blood whole genome DNA extraction, 

and peripheral blood whole genome exon high-through-

put sequencing was carried out. The selected mutation 

sites were sequenced by Sanger method (Taizhou 

Angpu Medical Laboratory). The results showed that 

the proband was a heterozygous mutation c.6551A>G 

(p.Y2184C) in exon 26 of the APOB gene (Chr2-

21233189), resulting in the change from amino acid ty-

rosine to cysteine (Figure 2), which was a missense mu-

tation. There have been reports of hyperlipidemia caus-

ed by this site in HGMD database [9]. The frequency of 

this locus variation in the normal population database 

shows low-frequency variation. The proband's mother 

showed a heterozygous variation at this site, while the 

proband's father did not. 

 

DISCUSSION 

 

FH is one of the most common inherited metabolic dis-

orders and is primarily associated with mutations in 

genes related to LDL-C clearance. Based on the type of 

gene mutation, it can be classified into Homozygous 

Familial Hypercholesterolemia (HoFH) and Heterozy-

gous Familial Hypercholesterolemia (HeFH), among 

which HeFH is the most prevalent, but its awareness 

rate and diagnosis and treatment rates are extremely 

low. Studies have revealed that only 10 - 25% of pa-

tients diagnosed with FH receive appropriate treatment 

[10]. The diagnosis of FH requires a combination of 

clinical manifestations and genetic testing. The clinical 

manifestations of FH are mainly characterized by ele-

vated levels of LDL-C, which can significantly enhance 

the risk of coronary heart disease and atherosclerotic 

cardiovascular disease (ASCVD). The risk of coronary 

heart disease in FH patients without statin treatment is 

13 times higher than that in the general population [11]. 

Cholesterol-lowering therapy should be initiated imme-

diately after the diagnosis of FH, and statins are the 

first-line treatment for FH. Among patients with FH, the 

incidence of cardiovascular events in patients treated 

with statins was reduced by 75% compared with un-

treated patients [12]. Therefore, early diagnosis and 

treatment of FH can improve the prognosis of FH and 

reduce the risk of cardiovascular events. 

The APOB gene is one of the mutant genes of HeFH, 

and its mutation can reduce the binding degree of the 

APOB protein to LDLR, thereby influencing the trans-

port and metabolism of LDL-C [13]. It is situated on the 

short arm of human chromosome 2 (2p24.1) and com-

prises 29 exons and 28 introns, ultimately encoding a 

protein consisting of 4,563 amino acids. Its mutation 

sites are relatively prevalent in exon 26 and 29 frag-

ments [14], but only a few APOB mutations have been 

demonstrated to be pathogenic. It was discovered that 

the mutations in the related sequences of the ApoB gene 

were only associated with 8 diseases, most of which oc-

curred in exon 26, the hotspot of mutation. Since the 

APOB gene is a polypeptide gene, and its mutation re-

sulted in the clinical phenotype of HeFH patients being 

milder than that of LDLR mutation, further functional 

assessment of these mutations was necessary to deter-

mine the pathogenicity [15]. 

In this FH family, the level of LDL-C in the proband 

was significantly elevated, and the blood lipids returned 

to normal following treatment with statins. By sequenc-

ing the entire exon gene of the proband, it was discov-

ered that exon 26 of the APOB gene had a c.6551A>G 

heterozygous missense mutation. Through the corre-

sponding point mutation verification of the parents, it 

was found that hyperlipidemia in this family might be 

associated with the APOB (c.6551A>G; p.Y2184C) 

gene mutation in an autosomal dominant inheritance 

pattern. Both the proband and his mother are heterozy-

gous carriers of this mutation, and both have hyperlip-

idemia, but the clinical phenotype is mild and can be 
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Figure 1. A heterozygous mutation of APOB gene (c.6651A >G; p.Y2184C), Family diagram of the patient. 
 

The black arrow indicates the progenitor. The square symbolizes the male, while the circle symbolizes the female. The solid graph represents 

the individual with hyperlipidemia, and the hollow graph represents the individual with normal lipid levels. NN stands for no detected muta-

tion, and NM represents the detection of heterozygous mutation. 

 

 

 

 

 

 

 
 

 
 

Figure 2. Heterozygous mutation of exon 26 of the APOB gene in this family (c.6651A > G; Sequencing diagram of p.Y2184C). 
 

A and B represent sequences of heterozygous mutations of the proband and his mother, respectively, with arrows indicating the heterozygous 

mutation sites; C is the sequence diagram of the proband's father, where no variation is observed at the -location of the arrow. 
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controlled by diet, exercise, and low-dose statins. Al-

though this site mutation has been reported, further 

functional tests are necessary for its confirmation. 

In conclusion, for patients with a high clinical suspicion 

of FH, a definite diagnosis and early identification of 

FH should be accomplished through genetic testing. 

This not only offers individualized treatment to patients 

but also is of great significance for the prognosis of pa-

tients. 

 

 

Sources of Support: 

This research did not receive any specific grant from 

funding agencies in the public, commercial, or not-for-

profit sectors. 

 

 

Declaration of Interest: 

All authors declare that they have no competing inter-

ests. 

 

 

Reference: 

 
1. Krogh HW, Mundal L, Holven KB, Retterstøl K. Patients with fa-

milial hypercholesterolaemia are characterized by presence of 

cardiovascular disease at the time of death. Eur Heart J 2016; 
37(17):1398-405. (PMID: 26586781) 

 

2. Hu P, Dharmayat KI, Stevens CAT, et al. Prevalence of Familial 

Hypercholesterolemia Among the General Population and Pa-

tients With Atherosclerotic Cardiovascular Disease: A Systematic 

Review and Meta-Analysis. Circulation 2020;141(22):1742-59. 
(PMID: 32468833) 

 

3. Beheshti SO, Madsen CM, Varbo A, Nordestgaard BG. World-
wide Prevalence of Familial Hypercholesterolemia: Meta-Ana-

lyses of 11 Million Subjects. J Am Coll Cardiol 2020;75(20): 

2553-66. (PMID: 32439005) 
 

4. Chora JR, Medeiros AM, Alves AC, Bourbon M. Analysis of 

publicly available LDLR, APOB, and PCSK9 variants associated 
with familial hypercholesterolemia: application of ACMG guide-

lines and implications for familial hypercholesterolemia diagno-

sis. Genet Med 2018;20(6):591-8. (PMID: 29261184) 
 

5. Alves AC, Etxebarria A, Soutar AK, Martin C, Bourbon M. 
Novel functional APOB mutations outside LDL-binding region 

causing familial hypercholesterolaemia. Hum Mol Genet 2014; 

23(7):1817-28. (PMID: 24234650) 
 

6. Thomas ER, Atanur SS, Norsworthy PJ, et al. Identification and 

biochemical analysis of a novel APOB mutation that causes auto-
somal dominant hypercholesterolemia. Mol Genet Genomic Med 

2013;1(3):155-61. (PMID: 24498611) 

 
7. Abifadel M, Varret M, Rabes JP, et al. Mutations in PCSK9 cause 

autosomal dominant hypercholesterolemia. Nat Genet 2003;34 

(2):154-6. (PMID: 12730697) 
 

8. Abifadel M, Rabes JP, Devillers M, et al. Mutations and poly-

morphisms in the proprotein convertase subtilisin kexin 9 
(PCSK9) gene in cholesterol metabolism and disease. Hum Mu-

tat 2009;30(4):520-9. (PMID: 19191301) 

 
 

 

 

9. Jin JL, Sun D, Cao YX, et al. Intensive genetic analysis for Chi-

nese patients with very high triglyceride levels: Relations of mu-

tations to triglyceride levels and acute pancreatitis. EBioMedi-
cine 2018;38:171-7. (PMID: 30420299) 

 

10. Hardcastle SJ, Legge E, Laundy CS, et al. Patients' perceptions 
and experiences of familial hypercholesterolemia, cascade genetic 

screening and treatment. Int J Behav Med 2015;22(1):92-100. 

(PMID: 24585182) 
 

11. Nordestgaard BG, Chapman MJ, Humphries SE, et al. Familial 

hypercholesterolaemia is underdiagnosed and undertreated in the 
general population: guidance for clinicians to prevent coronary 

heart disease: consensus statement of the European Atheroscle-

rosis Society. Eur Heart J 2013;34(45):3478-90a. 
(PMID: 23956253) 

 

12. Versmissen J, Oosterveer DM, Yazdanpanah M, et al. Efficacy of 
statins in familial hypercholesterolaemia: a long term cohort 

study. BMJ 2008;337:a2423. (PMID: 19001495) 

 
13. Innerarity TL, Mahley RW, Weisgraber KH, et al. Familial defec-

tive apolipoprotein B-100: a mutation of apolipoprotein B that 

causes hypercholesterolemia. J Lipid Res 1990;31(8):1337-49. 
(PMID: 2280177) 

 

14. Whitfield AJ, Barrett PH, van Bockxmeer FM, Burnett JR. Lipid 
disorders and mutations in the APOB gene. Clin Chem 2004;50 

(10):1725-32. (PMID: 15308601) 

 
15. Henderson R, O'Kane M, McGilligan V, Watterson S. The genet-

ics and screening of familial hypercholesterolaemia. J Biomed Sci 

2016;23:39. (PMID: 27084339) 

 


