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A Japanese Case of Familial Hypercholesterolemia with a
Protein-truncating Variant in LDLR and a PCSK9 Variant
without Significant Atherosclerosis but Showing Remarkable
Achilles Tendon Thickening
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Abstract:

The patient was a 54-year-old woman with familial hypercholesterolemia and remarkable Achilles tendon
thickening. At 20 years old, the patient had a total cholesterol level of approximately 300 mg/dL. She started
receiving rosuvastatin (5 mg/day) for low-density lipoprotein cholesterol (LDL-C) 235 mg/dL at 42 years old,
which was increased to 10 mg/day at 54 years old, decreasing her serum LDL-C level to approximately 90
mg/dL. The serum Lp(a) level was 9 mg/dL. A computed tomography coronary angiogram showed no sig-
nificant stenosis. Next-generation sequencing revealed a frameshift variant in LDL receptor (LDLR) (het-
erozygous) and a missense variant in proprotein convertase subtilisin/kaxin type 9 (PCSK9) (heterozygous).

Continued statin therapy, in addition to low Lp(a) and female sex, can help prevent cardiovascular disease.
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Introduction

Familial hypercholesterolemia (FH) is characterized by
high levels of low-density lipoprotein cholesterol (LDL-C),
skin and tendon xanthomas, and premature coronary artery
disease (CAD) (1), with a prevalence of 1 heterozygous FH
(HeFH) patient per 200-500 individuals in the general popu-
lation (2, 3). LDL receptor (LDLR), proprotein convertase
subtilisin/kexin type 9 (PCSK9), and apolipoprotein B gene
variants have been reported in patients in Japan (4-6).

Recently, the impact of positive clinical signs (xanthoma
and/or family history) and a positive FH mutation status on
the risk of coronary artery disease (CAD) over and above
that predicted by LDL-C levels alone has been empha-
sized (7). The presence of clinical signs of FH and a posi-
tive FH variant status additively increased the risk of CAD.
A separate study also showed that pathogenic variants, espe-

cially protein-truncating variants (PTVs), are significantly
associated with poor outcomes in patients with FH (8).

We recently encountered a 54-year-old woman with FH
without stenosis ~ who
multidetector-row computed tomography (MDCT) angiogra-
phy and carotid artery thickening by carotid artery ultra-
sonography despite having a PTV in the LDLR and marked
Achilles tendon xanthomas. She was also found to have a
rare variant of PCSK9.

We herein report the detailed clinical profile of this pa-
tient with FH and describe potential factors that might have
contributed to the slow progression of coronary artery steno-
sis despite her having a PTV in the LDLR and marked
Achilles tendon xanthomas.
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Figure 1. Changesin serum LDL cholesterol levels of the patient during her 10-year clinical course.
Table 1. Clinical Profile of the Patient’s Family.
Proband First daughter ~ Second daughter Son
Age,y 54 19 15 15
Body mass index , kg/m? 20.7 20.8 19.7 16.5
Achilles tendon thickening yes no no yes
Total cholesterol, mg/dL 325 197 187 269
Triglycerides, mg/dL 50 77 117 52
LDL cholesterol, mg/dL 246 104 113 203
HDL cholesterol, mg/dL 64 75 58 55
Lp(a), mg/dL 9 ND 3 3
LDL receptor gene p-Val827SerfsTer102 ND Wild type p.Val827SerfsTer102
PCSK 9 gene p-Ser668Arg ND p-Ser668Arg p-Ser668Arg
p-Val644lle

ND: not done, Second daughter and Son were fraternal twins.

erozygous FH. At 20 years old, a blood test had revealed se-
rum total cholesterol (TC) levels in the 300 mg/dL range. At
42 years old, she had been started on 5 mg/day of rosuvas-
tatin by her previous physician for TC 335 mg/dL and LDL-
C 235 mg/dL.

At 43 years old, she developed Achilles tendon rupture
when her LDL-C level was approximately 140 mg/dL. At 44
years old (Fig. 1), she was referred to our hospital for the
further investigation of dyslipidemia. A total of 500 mg/day
of probucol was then added, and the serum LDL-C level re-
mained at approximately 100 mg/dL. At 45 years old, she
was diagnosed with breast cancer, underwent hormone ther-
apy, and subsequently experienced menopause.

At 49 years old, ezetimibe 10 mg was added. At 54 years
old, the rosuvastatin dose was increased to 10 mg, and se-
rum LDL-C levels were in the 80-90 mg/dL range. After 1
month of washing out the lowering drugs, her serum LDL-C
and Lp(a) levels were 246 mg/dL and 9 mg/dL, respectively
(Table 1). She did not have an abnormal liver function or

kidney function (Table 2).

On a physical examination, she had marked Achilles ten-
don thickening, increasing from (right/left) 19.9/20.4 mm at
44 years old to 15.6/17.9 mm at 54 years old, but she
showed no corneal ring or xanthelasma. She had a family
history of dyslipidemia in her mother and sister, based on a
medical interview. She had three children living with her,
and we conducted blood tests of these children for cascade
screening. We found that 1 of her 3 children (15-year-old
son), had a high serum LDL-C level (203 mg/dL) with
Achilles tendon thickening (right/left: 7.4/8.2 mm), while
the other 2 were normolipidemic (the 17-year-old older sis-
ter and the 15-year-old fraternal female twin of the hyper-
lipidemic son). Both her son and his fraternal twin showed
low serum Lp(a) levels (Table 1), suggesting that there
might be some genetic background for low Lp(a) levels in
this family, although the detailed mechanism was unclear.

We conducted next-generation sequencing of the genes
from the proband and her children (Table 1). Details of the
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Table 2. Laboratory Data for This Patient after One Month Discontinuation of Medi-

cation.

WBC, 103 3,600 T-Bil, mg/dL 0.7 TC, mg/dL 325
Hb, g/dL 12.6 TP, g/dL 8.2 TG, mg/dL 50
PIt, 10* 143 ALB, g/dL 5.0 HDL-C, mg/dL 64
AST, U/L 21 Uric acid, mg/dL 4.6 LDL-C, mg/dL 246
ALT, U/L 11 BUN, mg/dL 13 ApoAl, mg/dL 133
LDH, U/L 218 Cre, mg/dL 0.64 ApoA2, mg/dL  26.7
ALP, U/L 76 GFR,mL/min/1.73m?  70.8 ApoB , mg/dL 139
yGTP, U/L 17 Na, mmol/L 138 ApoC2, mg/dL 2.9
CK, U/L 181 K, mmol/L 4.3 ApoC3, mg/dL 7

Blood glucose, mg/dL 87 CI, mmol/L 105 ApoE, mg/dL 6.5
HbAc, % 5.7 U-protein - Lp(a), mg/dL 9

Figure 2. Three-dimensional volume rendering images ac-
quired with 64-slice coronary computed tomography angiogra-
phy of the right (a) and left (b) coronary arteries of the patient.
There was no obvious coronary artery stenosis in either the
right or the left coronary arteries.

sequencing analysis are described in our previous report (9).
In brief, genomic DNA isolated from peripheral white blood
cells was pooled, selected for size, ligated to sequencing
adapters, and amplified to enrich for targets that were se-
quenced using the KAPA DNA Library Preparation. A cus-
tom NimbleGen in-solution DNA capture library (Roche
NimbleGen Inc., Madison, WI, USA) was designed to cap-
ture all coding exons in 21 dyslipidemia-related Mendelian
genes (ABCA1l, ABCGS5, ABCGS, ANGPTL3, APOAI,
APOB, APOC2, APOC3, APOAS, APOE, CETP, GPIHBPI,
LCAT, LDLR, LDLRAPI1, LIPG, LMF1, LPL, MTTP,
PCSK9, and SARI1B).

The mother was found to have a frameshift variant in
LDLR (heterozygous), (NM_000527.5):c.2478del (p.Val827
SerfsTer102), and a missense variant in PCSK9 (heterozy-
gous), (NM_174936.4):c.2004C>A (p.Ser668Arg), revealing
not only the same variants in LDLR and PCSK9 but also a
missense variant in PCSK9 (heterozygous), (NM_174936.4):
¢.1930G>A (p.Val644lle). His fraternal normolipidemic twin
was found to have the PCSK9 (heterozygous) variant (NM_

174936.4):c.2004C>A (p.Ser668Arg).

We performed 64-slice mechanical MDCT angiogra-
phy (10). Three-dimensional volume-rendered images ac-
quired with 64-slice coronary computed tomography angiog-
raphy for the right (a) and left (b) coronary arteries showed
no stenosis in either the right or left coronary arteries
(Fig. 2). The multi-planar recontraction image also showed
that there was no significant coronary artery stenosis in the
right coronary artery (Fig. 3a), left anterior descending ar-
tery (Fig. 3b), or circumflex artery (Fig. 3c). We also con-
ducted carotid ultrasonography to evaluate the carotid artery
and found no intima-media complex thickening or plaque
(Fig. 4).

The genetic analyses were approved by the Ethics Com-
mittees of Chiba University and Kanazawa University. Writ-
ten informed consent for the genetic analysis was obtained
from each patient. All procedures followed were in accor-
dance with the ethical standards of the responsible commit-
tee on human experimentation (institutional and national)
and the 1975 Declaration of Helsinki, as revised in 2008.
Informed consent for the genetic analysis was obtained from
each patient.

Discussion

The present patient with FH was found to have heterozy-
gous variants in not only LDLR (p.Val827SerfsTer102) but
also PCSK9 (p.Ser668Arg); the former is an established
pathogenic variant causing amino acid truncation in LDLR
protein and is reported to be associated with severe and poor
outcomes of FH (8), while the clinical significance of the
latter has not yet been established, although a previous
study (4) suggested that this variant may be clinically insig-
nificant.

Positive clinical signs of FH, such as Achilles tendon xan-
thomata and the FH variant status, are important contributors
to the development of CAD in FH patients (7). Previous
studies have shown that Achilles tendon thickening is asso-
ciated with CAD in patients with FH (11-13). The current
FH patient had marked Achilles tendon xanthomata and the
LDLR truncated variant, both of which are expected to con-
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Figure 3. Multiplanar reconstruction of the right coronary artery (a), left anterior descending ar-
tery (b), and circumflex artery (c).

Figure 4. Intima-media thickness (IMT) of the right (a) and left (b) common carotid arteries deter-
mined using B-mode ultrasound. The average IMT of the right (a) and left (b) common carotid arter-
ies was 0.43 and 0.46 mm, respectively.

tribute to marked CAD development. However, in reality, Another factor possibly associated with the lack of devel-
the patient showed little development of cardiovascular dis- opment of cardiovascular disease in this patient may have
ease, either on coronary artery MDCT or carotid artery ul- been her low serum Lp(a) concentration, as Lp(a) has been
trasonography. It is highly likely that continued statin treat- shown to be an important contributor to the development of
ment helped prevent the development of coronary heart dis- atherosclerosis, even in FH (14, 15). Elevations in Lp(a) fre-
ease in this patient. quently accompany high levels of LDL in patients with FH,
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and both FH and elevated Lp(a) levels independently corre-
late with premature-onset CAD. In addition, it has been
shown that CAD develops much later in women than in
men (16). Indeed, most women were shown to be free of
CAD in their 50s in a previous study (16). In addition, our
patient’s serum HDL-C and apo Al levels may have been
protective factors against the development of coronary artery
disease.

The PCSK9 p.Ser668Arg variant, found in the proband,
the second daughter, and the son, is not likely pathogenic
because the second daughter had no elevation in serum
LDL-C. This variant was reported by Hori et al. (4) as a
variant of uncertain significance with an allele frequency of
0.001. Furthermore, given that the serum LDL-C level with
LDLR variant alone is reported to be around 250 mg/
dL (17), similar to the proband’s serum LDL-C value of 246
mg/dL, this PCSK9 variant would have little if any effect on
serum LDL-C levels.

Interestingly, the patient’s 15-year-old son with FH had a
heterozygous pVal644lle variant in PCSK9 in addition to the
same genetic variants as the proband (Table 2). This variant
was reported by Hori et al. (4) and may not be related to
high LDL-C levels. Pitavastatin (2 mg) treatment for 3
months produced a considerable reduction in the serum
LDL-C level (203 to 117 mg/dL). He had already begun to
have Achilles tendon thickening according to the new crite-
ria for the diagnosis of FH in Japan (18).

The earlier the age at which treatment is initiated for FH,
the better the prognosis. Nordesgaard et al. (3) suggested
that, in cases of heterozygous FH, starting treatment with a
mild statin at 12 years old was more effective at delaying
the onset of coronary artery disease than starting treatment
with a strong statin as an adult. In addition, the importance
of cascade screening has been emphasized (19), since the
identification of patients with FH by child-family cascade
screening at a younger age appeared to result in a better
prognosis (20). In the proband’s family, two of her three
children were fraternal twins (a 15-year-old boy and girl),
and dyslipidemia was observed in the male twin. Next-
generation sequencing revealed that he carried the same het-
erozygous variants in LDLR and PCSK9 as the proband but
also a heterozygous pVal644lle variant in PCSK9. We initi-
ated treatment with pitavastatin for this 15-year-old boy.

In conclusion, we found a heterozygous LDLR variant (p.
Val827SerfsTer102) and a heterozygous PCSK9 variant (p.
Ser668Arg) in a middle-aged Japanese woman with FH. We
suggest that continued statin therapy besides low Lp(a) and
female sex may be associated with the prevention of athero-
sclerotic cardiovascular disease, even in cases with a PTV in
the LDLR and considerable Achilles tendon thickening. Cas-
cade screening allowed her 15-year-old son with genetically
determined FH to start receiving statin treatment promptly.
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