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Abstract
BACKGROUND
Familial hypercholesterolemia (FH) is an autosomal dominant disorder that is characterized by severely increased low-density lipoprotein (LDL) cholesterol levels. At the same time, elevated LDL levels accelerated the development of coronary heart disease. Several classes of drugs are currently in use to treat FH. Proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9i) is novel one of these.

CASE SUMMARY
This manuscript reports a case of FH that responded modestly after treatment with PCSK9i and statin drugs. Of even more concern is that the patient frequently admitted to the hospital during a 12-year follow-up period. Subsequently, we identified a heterozygous mutation, 1448G>A (W483X) of the LDL receptor (LDLR) in this patient. The serum levels of PCSK9 (proprotein convertase subtilisin/kexin type 9) in the patient was 71.30 ± 26.66 ng/mL, which is close the average level reported in the literature. This LDLR mutation affects LDLR metabolism or structure, which may make it unsuitable for use of PCSK9i.

CONCLUSION
Our outcome demonstrates that LDLR-W483X represents a partial loss-of-function LDLR and may contribute to PCSK9i ineffective. In the meanwhile, additional measures are therefore required (particularly with gene sequencing or change the treatment plan) must be initiated as early as possible. Genetic testing for clinically challenging cases who do not respond to PCSK9i therapy is very helpful.
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Core Tip: We report a male Chinese patient diagnosed with Familial hypercholesterolemia with a heterozygous mutation, 1448G>A (W483X), of the low-density lipoprotein receptor (LDLR). By reviewing the literature, we speculate that the mutation may affect LDLR metabolism or structure and may lead to that responded modestly after treatment with Proprotein convertase subtilisin/kexin type 9 inhibitor.



INTRODUCTION
Coronary heart disease (CHD) is a major cause of hospitalization and mortality worldwide[1]. And elevated low-density lipoprotein (LDL) levels accelerated this process[2]. Here, we reported a patient diagnosed with familial hypercholesterolemia (FH) experienced seven percutaneous coronary interventions. It is no exaggeration to say that the patient is at a higher risk for cardiovascular events all the time. In previous reports, common causes of repeated coronary interventions are as follows: (1) Patients who do not consistently take the medicine or have missed doses; (2) Patients with clopidogrel resistance[3]; (3) Patients do not respond to hyperglycemia and hyperlipidemia drug therapy or nonattainment; and (4) Other reasons. Of these, FH is one of the most common causes of myocardial infarction[4]. The epidemiology of FH is complicated, and it is difficult to estimate the prevalence of FH in China because of underdiagnosed. Based on a population study in Arabian Gulf, the prevalence of heterozygous FH is approximately one in 300 individuals[5]. This patient had poor lipid control (Even though Proprotein convertase subtilisin/kexin type 9 inhibitor (PCSK9i) was used), which resulted in repeated coronary interventions. The purpose of this case report is to recommend lifestyle intervention and intensive lipid-lowering treatment beginning early in life to reduce the risk of coronary heart disease. This case is significant because it demonstrates the necessity of gene sequencing or switching medications.

CASE PRESENTATION
Chief complaints
A 43-year-old Chinese man came to our department with chest tightness for more than 4 d.

History of present illness
Chest tightness is located behind the sternum lasts about 2-3 min. And no other symptoms such as abdominal distension, abdominal pain, cold, and fever. According to the patient’s Medical Record files, he had no known medication allergies.

History of past illness
On August 4, 2009, Due to frequent chest tightness, coronary angiography was performed on the patient. The coronary angiogram revealed severe vascular calcification and stenosis in the proximal and middle left anterior descending coronary artery, the middle segment of the right coronary artery and circumflex coronary arteries. Ultimately, he chose conservative treatment. 
Subsequently, he presented to our hospital on September 17, 2009, with a complaint of chest tightness for more than 3 d. After angiography, the results showed stenosis in the left anterior descending artery (60%-70%), the circumflex coronary arteries (80%-90%) and a total occlusion of the mid-right coronary artery. We implanted four stents (rapamycin-eluting stents, Lepu medical) into the stenotic segment at that time. Three months later, the patient came to the hospital again due to chest pain. Coronary angiography showed stenosis in the proximal (95%) and middle (60%) left anterior descending artery, and proximal mid-right coronary artery (60%). There was no in-stent restenosis of drug-eluting stents. At that time, two stents were implanted (proximal and middle left anterior descending coronary artery). 
Four years later, the patient returned to our hospital for further treatment. During this hospital admission, angiography reveals results as follows: The stenosis in the proximal left anterior descending artery (85%), mid circumflex coronary arteries (70%) and a proximal of the right coronary artery (95%). However, there was no in-stent stenosis.
On August 25, 2013, he was admitted to our department with palpitation for 5 d. The results revealed there were no in-stent stenosis; the stenosis in the proximal-mid circumflex coronary arteries (70%) and distal portion of the right coronary artery (40%). At that time, no specific treatment was administered.
According to hospital data, the patient was admitted on December 29, 2015; July 27, 2019; and June 2021, respectively. All lesions were treated by Paclitaxel-coated balloon (2019-SeQuent Please NEO®, B. Braun; 2021-Vesselin®, Lepu medical).

Personal and family history
His mother and sister were also hospitalized with a diagnosis of FH. His mother had a history of sequelae of cerebral infarction for several years. In this case, we investigated the family diagnosed with FH (Figure 1). The proband was II-1(the patient), who’s average serum LDL was 222.76 mg/dL (5.77 mmol/L). A total of 3 members of this family (I-1, II-1, II-2) were diagnosed as FH.

Physical examination
Who weighed 72 kg and was 170 cm tall, with no changes in cardiopulmonary auscultation. All other associated signs: The varying sizes of the yellow nodules scattered throughout both upper limbs elbow joints and wrist joints. A soft mass, 45.5 mm in diameter, was palpable at the knee joints of both lower extremities. No other abnormality was found on physical examination.

Laboratory examinations
The major laboratory results of the patient are listed as follows: TG 94.8 mg/dL (1.07 mmol/L), TC 382.3 mg/dL (9.89 mmol/L), HDL 37.5mg/dL (0.97 mmol/L), LDL 289.6mg/dL (7.49 mmol/L) (Results at the first examination). Lipid profile in this patient (2009-2021) is presented in Figure 2. The lowest LDL value (grey solid line) is 141.10 mg/dL (3.65 mmol/L) (August, 2009) with the highest value 402.4 mg/dL (July 2009). The average value (222.76 mg/dL) is substandard. The results of routine blood tests (complete blood count, liver and renal function) were normal.

Imaging examinations
Chest X-ray was normal. Electrocardiogram showed sinus rhythm with a heart rate of 95 bpm, as well as incomplete left bundle branch block. Carotid ultrasound demonstrated atherosclerosis plaques bilaterally in carotid artery. LV ejection fraction was 55% with regional wall motion abnormality. B-mode ultrasound showed gallbladder stone with no notable abnormalities of the liver, pancreas or spleen.

FINAL DIAGNOSIS
This is a rare case that was diagnosed as definitive FH with coronary heart disease, according to the Dutch clinical lipid network (Family history-1; Clinical history-2; Physical examination-6; Investigation-5; Total 14-Definite FH>8). Criteria for the diagnosis of coronary artery disease: defined as 50% or more stenosis in one or more major epicardial vessels[6]. 

TREATMENT
The physicians made recommendations, and more detailed planning (coronary artery bypass surgery) and implementation were carried out in collaboration with the patient. However, the patient refused this treatment. It was too expensive for him. The patient had received aspirin 100 mg QD, clopidogrel 75 mg QD (clopidogrel resistance have been excluded) and simvastatin 20mg QN before the admission to our hospital. After admission to our hospital, we strengthened treatment. For that, bisoprolol 2.5 mg, once a day, benazepril hydrochloride tablets 5 mg QD were prescribed. On the third admission, treatment with tirofiban 0.1μg/ (kg∙min) was added. In 2013, atorvastatin was increased from 20 mg QN to 40 mg QN and ezetimibe (10 mg, once daily), while clopidogrel 75 mg QD was changed to ticagrelor 90 mg BID. The patient did not reach the standard after 10 years of statin therapy. According to AHA guidelines, PCSK9i (140mg, twice a month, Evolocumab Injection®, Amgen Manufacturing Limited.), as a new drug, was added for the treatment (since September, 2019)[7]. The patient was put on it for 6 months. During the follow-up period of 6 mo, proper technique for injection was confirmed. However, the effectiveness was unsatisfactory.
He said “I took my medication correctly”. The patient managed conservatively with a low-fat dietary. The LDL level gradually decreased from the month (July 2019) after using PCSK9i. The value declined approximately by 41.69% when compared to the highest values, whereas it hadn’t reached the standard[8]. We also realize that future experiments may be necessary to further treatment. The patient and his mother were informed and gave their informed consent. Blood samples were drawn from the patient and his mother. A mutational analysis was performed in the present case to detect mutations in the serum sample.
By means of high-throughput sequencing technology, two LDLR mutations and one APOB mutation were identified in the patient and his mother. There were two LDLR heterozygous mutations: (1) C.1448G>A (p.W483X); and (2) C.10700C>T (p.T3567M). The mutations described above were verified by verification of pedigree. Possible causative gene is c.1448G>A (p.W483X) according to the results (Figure 3).
Due to the mechanism of action of PCSK9i, meanwhile, we had to understand whether increased PCSK9 Level plays pivotal role during the process[9]. In this review, an algorithm to assess possible PCSK9i resistance has been proposed to classify hypo-responders and identify mechanism by Bruce A Warden et al The algorithm was based on measuring plasma PCSK9 concentrations before and after treatment with a PCSK9i. In our case-report, the average serum level (the patient) of PCSK9 was 71.30 ± 26.66 ng/mL (prior to treatment). They are close the average reported in the literature (68.29 ± 28.73) ng/mL[10]. The difference was not statistically significant (P > 0.05). However, the patient was not well educated and he was not patient enough to complete all the measurements. So, plasma PCSK9 concentrations (after treatment) cannot be obtained.

OUTCOME AND FOLLOW-UP
Our patient is still alive now. The patient did not complain of chest tightness. The use of PCSK9i therapy was terminated due to the ineffectiveness. Further therapy (such as LDL apheresis) was discussed with the patient; however, due to the risk of complications and financial constraints, this was not started. 

DISCUSSION
There is no doubt that there are indications for the use of PCSK9i among FH patients [11, 12]. In previous studies, most FH patients presented with higher LDL levels. Even if three classes of lipid-lowering drugs (statin, ezetimibe and PCSK9i) are used, it is still very difficult to achieve treatment goal for LDL-C. However, few of the studies reported ineffectiveness of the drug (PCSK9i)[13]. The patient’s average LDL value during his hospitalization was 222.763 mg/dL, that greatly exceed requirement 69.5mg/dL (the control goal)[14]. During the patient’s hospitalization, his serum LDL level decreased by approximately 15.92% compared to baseline values. Undoubtedly, LDL level control was not achieved.
Due to the mechanism of action of PCSK9i, then, we had to understand whether increased PCSK9 Level or loss-of-function mutations in LDLR plays pivotal role during the process. Once before, scholars reported on that statin have been shown to increase serum PCSK9 Level among FH patients[15]. Moreover, elevated PCSK9 Levels were an independent predictor for adverse cardiovascular outcomes in diabetic patients with stable CHD[16,17]. Based on this, the PCSK9 Level in patient who still taking statins was measured (his sister and parents declined participation). The average serum levels of PCSK9 are close the average reported in the literature [10]. That suggesting that there are some other reasons for the ineffective of using PCSK9i.
Subsequent genetic testing was performed (Figure 3). Both the patient and his mother had a heterozygous pathogenic mutation in the LDLR gene (1448G>A, W483X). The mutation was determined to be pathogenic according to the ACMG guidelines. Nonsense mutations in LDLR may result in loss of gene functions. The site of the mutation had been reported[18,19]. The heterozygosity of the loci was investigated in his mother with pedigree-based and genomic analyses. We also note that one APOB mutation was identified in the patient and his mother. However, the LDL level in FH who caused by APOB gene mutations are significantly lower than the others. We think that mutation was not crucial for the patient's phenotype. Jiang L et al[18] concluded that either LDLR binding or internalization activity of W483X was lower than the wild-type in transfected HEK-293 cells. Bioinformatics prediction and an in vitro function experiment showed that the W483X mutation is mainly retained in the ER and had serious functional defects caused by the truncated mutant protein. Therefore, we can speculate that the LDLR mutation induces lower LDLR mRNA levels in FH patients than in controls. Structural defects of the LDLR or LDLR level limit the efficacy of the drug because lacks internalization of LDL. This may explain the ineffective use of the PCSK9i in the patient. Delia Susan-Resiga.etc identified an FH patient presenting novel compound heterozygote mutations R410S and G592E of the LDL receptor (LDLR)[20]. The patient responded modestly to maximum rosuvastatin plus ezetimibe therapy, even in combination with a PCSK9i monoclonal antibody injection. The study demonstrates that LDLR-R410S of the LDL-R resulting in defective delivery of LDL to lysosomes, which is similar to that which we report here. Warden B A et al also focus on several cases about unusual responses to PCSK9 inhibitors[21]. The authors explain why something can a fully blocked PCSK9 not exert an effect on plasma LDL-C levels. One of these reasons (mutations in LDL receptors or its ligands ApoB or ApoE that render them less susceptible to PCSK9 inhibition) was similar to our case report. In contrast, not all mutations are related to the ineffective of PCSK9i. Biochemical and cellular functional analyses suggest that some functional mutations such as D374Y result in a 10-to-25-fold increase in PCSK9 affinity for LDLR[22]. PCSK9i may be a very effective drug for these patients. In clinical treatment, however, this hypothesis remains unproved.

CONCLUSION
In any case, for patients with FH, the LDL level should be controlled and treated with early and timely diagnosis. If the outcome is poor, gene analysis should be performed in a timely manner. Based on this case, we strongly recommend that screening and treatment in young FH patients as early as possible. The mutation (W483X) may affect LDLR structure and lead to that responded modestly after treatment with PCSK9 inhibitor (PCSK9i). We are also looking forward to additional novel classes of lipid-lowering drugs
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Figure Legends
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Figure 1 Pedigree analysis of family. Pedigree of family with three affected individuals: mother (I-1), daughter (II-2) and son (II-1). Circles represent females, while squares indicate males. Black shapes indicate affected individuals.
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Figure 2 Lipid profile of this patient (2009-2021). Values are presented as mg/dL. HDL: High-density lipoprotein cholesterol; LDL: Low-density lipoprotein cholesterol; TG: Triglyceride; TC: Total cholesterol. 
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Figure 3 Results for genomic DNA analyses of the patient and his mother. A: DNA sequence of a LDLR, showing the heterozygous mutation 1448G>A (p.W483X) in the affected individual (II-1); B: DNA sequence of individual (I-1). LDLR: Low-density lipoprotein cholesterol receptor.
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