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Abstract AN
Rationale: Familial chylomicronemia syndrome is a congenital, severe form of hypertriglyceridemia associated with increased risk |
of acute pancreatitis. Treatment options are limited.

Patient concerns: A 52-year-old woman was referred with recurrent pancreatitis and severe hypertriglyceridemia to our lipid
clinic.

Diagnosis: Laboratory examination showed elevated serum triglyceride concentrations of 8090mg/dL (90mmol/L). Lipid
electrophoresis showed a type V phenotype with positive chylomicrons. Genetic investigation revealed a novel heterozygous large
deletion of the lipoprotein lipase gene on chromosome 8. A familial chylomicronemia syndrome was diagnosed. Other causes of
hypertriglyceridemia were excluded.

Interventions: Fibrates and diet did not lower triglyceride levels. Therefore, treatment with the apolipoprotein Clll (apoClll) inhibitor
volanesorsen was initiated.

Outcomes: After 3 months of treatment, a 90% reduction of triglycerides was observed. ApoClll concentrations were reduced by
90% in the total and by 61% in the chylomicron-free serum. Treatment was well tolerated with only minor local reaction after the first
application. The platelet count was monitored weekly and did not decrease <150 cells/pL.

Lessons: This case report shows that inhibition of apoClll potently reduces serum triglycerides in patients with heterozygous
monogenetic deletion of the lipoprotein lipase gene. Follow-up will show the effect on recurrent episodes of pancreatitis.

Abbreviations: apoClll = apolipoprotein Clll, FCS = familial chylomicronemia syndrome, LPL = lipoprotein lipase, mRNA =
messenger ribonucleic acid, (V)LDL = (very) low-density lipoprotein.
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1. Introduction

Familial chylomicronemia syndrome (FCS) is a congenital, severe
form of hypertriglyceridemia, caused by mutations of the
lipoprotein lipase (LPL) gene.!'! LPL catalyzes lipolysis in
triglyceride-rich lipoproteins such as chylomicrons. LPL defi-
ciency leads to highly elevated triglyceride and chylomicron
serum concentrations. FCS is associated with an increased risk of
acute pancreatitis, a potentially life-threatening disease. The
diagnosis of FCS is often delayed until adulthood.”! The
estimated prevalence of the FCS is 1 to 10 per million.!®! We
report a case of FCS that is of interest because of a novel
mutation, a heterozygote large deletion within the chromosome
8, and the effects of treatment with the apolipoprotein CIII
(apoClIIl) inhibitor volanesorsen on serum lipoproteins.

2. Case report

In 2019, a 52-year-old woman presented to our lipid clinic.
During the previous year, she was hospitalized twice with severe
acute pancreatitis. The patients’ medical history included a
history of breast cancer on the left side, treated with ablation and
radio- and chemotherapy. The patient had a well-controlled
diabetes mellitus type 2 with an HbA1c of 6.3%. The son of the
patient has elevated triglyceride levels.
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Laboratory examination showed a markedly elevated triglyc-
eride level of 8090 mg/dL (90 mmol/L). The refrigerator test was
positive (Fig. 1). The lipoprotein electrophoresis showed a type V
hyperlipoproteinemia phenotype with positive chylomicrons.
Other secondary factors contributing to hypertriglyceridemia
(such as alcohol consumption, insufficient diet, renal insufficien-
¢y, metabolic syndrome, medical induced hypertriglyceridemia,
thyroid disease) were excluded.

The patient had no signs of atherosclerotic disease, the intima-
media thickness of the common carotid artery was normal with
0.6 mm on both sides.

The FCS score was 10 (positive).™”! Genetic investigation
revealed a previously not described heterozygous deletion of the
chromosome 8 (Chr,8:18,930,023-20,002,715) (Fig. 2). This
large deletion is 1070 kb long and involves § protein-coding genes
including the whole LPL protein-coding gene explaining the
remarkable chylomicronemia.

The patient followed a low fat and low carbohydrate diet. In
spite of the usage of bezafibrate for several years, the triglyceride
levels did not show any changes and the second episode of severe
pancreatitis happened during the fibrate treatment.

To prevent recurrent pancreatitis, treatment with volane-
sorsen, an antisense oligonucleotide inhibitor of apoCIIl,
was initiated with a weekly dose of 285mgs.c. for the first
3months.!

Figure 1. Positive refrigerator test. Shown is a serum specimen stored 24
hours in a refrigerator. In the presence of chylomicrons, these build a creamy
layer at the top of the specimen, while the serum becomes clear; in contrast,
very-low density lipoprotein remains dissolved in the serum.
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Lipoprotein separation and analysis was performed from
frozen serum samples (stored at —80°C). Lipids and apolipo-
proteins were measured in fasting total serum and after
ultracentrifugation in chylomicron-free serum. Lipids and
apolipoproteins in chylomicrons were calculated as difference
between serum and chylomicron-free serum. ApoCIII levels
showed a 90% decrease in the total serum (120 mg/dL vs 12 mg/
dL) and 61% in chylomicron free serum (44 mg/dL vs 17 mg/dL).
In the chylomicron fraction, a 96% reduction of the triglyceride
level was observed and apoCIII was not measurable (Table 1).
Within 3 months, a 90% reduction of triglyceride concentration
was observed, with a lowest value of 721 mg/dL (Fig. 3A). In
parallel to the decrease of chylomicrons, the concentrations of
cholesterol and apolipoprotein B in very low-density lipoproteins
(VLDL) and low-density lipoprotein (LDL) increased (Table 1),
indicating that lipolysis and the production of cholesterol-rich
particles were partially recovered. The treatment was well
tolerated. Local reaction occurred only after the first application
of the subcutaneous injection. Weekly monitoring showed a mild
decrease of the platelet count that was transient (Fig. 3B).[°!

3. Discussion

FCS is characterized by fasting blood triglyceride concentrations
>885mg/dL (>10 mmol/L) due to chylomicronemia.l¥! Chylo-
microns are large lipoproteins formed in the intestine during the
absorption of dietary fats. In conditions of reduced activity of
their primary degrading enzyme, the LPL, chylomicron degrada-
tion is impaired causing elevated and persisting serum triglyceride
levels.

Symptoms of FCS include severe abdominal pain with or
without pancreatitis, leading to metabolic complications and
frequent hospitalizations. The typical and most serious compli-
cation of chylomicronemia is acute pancreatitis. In the majority of
FCS patients, the episodes occur recurrently. Some of the patients
develop chronic pancreatitis that can lead to pancreoprive
diabetes mellitus (type 3).1°! One episode of acute pancreatitis is
able to cause permanent damage to the pancreas which is
associated with a mortality rate of 6%.!

Two mechanisms contribute to the development of pancreati-
tis. The accumulation of chylomicrons reduces the blood flow
to the pancreas, which leads to ischemia.’®! In addition, the
triglycerides are degraded to free fatty acids by the pancreatic
lipase. The clogged chylomicrons cause acinar damage and
exposure of triglycerides to the pancreatic lipase. Due to the
release of free fatty acids, acinar damage occurs. The conversion
of trypsinogen and trypsin releases inflammatory cytokines.
Cytotoxic injury occurs, resulting in an increase in inflammatory
mediators and free radicals.’®! The risk of pancreatitis increases
with the higher serum triglycerides. Patients with FCS have a 360-
fold increased risk of acute pancreatitis.”!

Additional symptoms of patients with FCS include eruptive
xanthomas, arthralgias, lipemia retinalis or hepatosplenome-
galy.”! In addition, there are neurological symptoms such as mild
dementia, confusion, memory loss and fatigue. FCS is associated
with emotional burden on the patients and their relatives, which
can lead to anxiety, feelings of guilt, social isolation, and
depression.® The social isolation is amplified by the special
dietary requirements.

Affected patients usually do not respond to conventional
triglyceride-lowering therapies. In the past, treatment of FCS
patients was limited to very strict dietary fat restriction and
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Figure 2. The deletion within chromosome 8. Shown is the location of the novel, large mutation encompassing 1070kb.

avoidance of alcohol and certain medications.*"'!! Plasmaphere-
sis has been tried in some FCS cases.!'?! In the presence of
diabetes, intravenous administration of insulin is required. The
extremely restrictive diet and the risk of recurrent pancreatitis
limits the quality of life. The compliance with the diet regimen
over long periods is challenging.!

FCS is caused by a rare gene defect that is currently known to
affect LPL, APOC2, GPIHBP1, APOAS, and LMF1. Mutations
in the LPL gene are responsible for the development of 80% of
cases. LPL is a key enzyme in the catalysis of triglycerides.
Reduced LPL function causes chylomicronemia. Until now, 5
deletions of the LPL gene have been described in the literature,'!

The new deletion reported in this patient for the first time is
hundred times larger than the previously described alterations
which likely explains the severe clinical manifestation in our
patient.[!*13]

One of the proteins affecting LPL activity is apoCIIL
ApoCIIl inhibits LPL activity, reduces the hepatic uptake of
triglyceride-rich lipoproteins and increases hepatic secretion of
triglycerides."”! Loss-of-function (LOF) mutations of the gene
coding for apoCIII and pharmacologic inhibition of apoCIII lead
to reduced plasma triglyceride levels."® The novel drug
volanesorsen selectively binds within the 3’ untranslated region
of apoCIIl messenger ribonucleic acid (mRNA). This binding

[16]

Lipids and apolipoproteins in fasting serum and after ultracentrifugation (chylomicron-free serum and in the chylomicron fraction) during

the treatment with volanesorsen.

Start of the treatment
with volanesorsen Week 1 Week 2 Week 6 Week 9

Serum with chylomicrons

Cholesterol 1292 1285 1315 539 293

Triglycerides 6603 9899 8421 2052 841

ApoClll 120 133 106 25 12
Serum after separation of chylomicrons

Cholesterol 65 88 125 86 195

Triglycerides 276 482 640 197 448

ApoClll 44 32 40 26 17
Chylomicrons

Cholesterol 1227 1197 1190 453 98

Triglycerides 6327 9417 7781 1855 393

ApoClll 76 101 66 ND ND
VLDL

VLDL-cholesterol 30 58 95 23 100

VLDL-apoB 7 17 21 9 37
LDL

LDL-cholesterol 25 18 18 48 71

LDL-apoB 36 44 45 62 73

All values are given in mg/dL.

(V)LDL = (very) low-density lipoprotein, Apo=apolipoprotein, ND=not determined.
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Figure 3. A: Serum triglycerides during the treatment with volanesorsen. Shown are the triglyceride serum concentrations over time, with markedly reductions after
initiation of treatment with volanesorsen. B: Platelet count during the treatment with volanesorsen. Shown is the platelet count over time, with no occurrence of

relevant thrombozytopenia.

allows mRNA degradation prevents the translation of the
apoCIIl mRNA and lowers triglycerides. !

In our patient, volanesorsen rapidly reduced apoCIII serum
concentrations and serum triglyceride concentration by 90%. In
parallel to the observed reduction of chylomicrons, the
concentrations of cholesterol and apolipoprotein B in VLDL
and LDL increased showing partial restoration of lipolysis and of
cholesterol-rich particles. The treatment was very well tolerated.
The only adverse effect was a mild and transient decrease of the
platelet count.

In summary, patients with FCS and recurrent pancreatitis have
a very high morbidity with limited treatment options./**! This
case identifies a novel mutation causing severe FCS and is an
example of a novel treatment modality using an RNA-inhibiting
drug targeting apoCIIl . Prospective studies with clinical
endpoints are wanted.
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