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Abstract: Hypertriglyceridemia is a common disease with only 2% of cases exhibiting

monogenic mutations. Familial chylomicronemia syndrome (FCS) is a rare genetic condition

associated with recurrent and severe episodes of pancreatitis and is mainly caused by

mutations in the LPL gene, with few cases related to abnormal function of apolipoprotein

C-II. This is a 50-year-old female with a past medical history of arterial hypertension,

miscarriage and recurrent pancreatitis. In the last four years, her triglycerides and lipase

concentration reached >3000 mg/dL and >700 U/L, respectively. The patient was not

responsive to statins, fibrates, or tetrahydrolipstatin. A novel homozygous frameshift muta-

tion on exon 3 of the APOC2 gene was detected, c.133_134delTC. Subsequent Sanger

sequencing confirmed that three first-degree relatives were carriers of the same mutation.

To the best of our knowledge, we are reporting the first Colombian patient with FCS due to

an APOC2 mutation. We propose that this mutation caused recurrent hypertriglyceridemic

pancreatitis.

Keywords: hypertriglyceridemia, hyperlipoproteinemia type I, apolipoprotein C-II,

pancreatitis

Introduction
Dyslipidemia is one of the most common diseases in the world with a prevalence

that reaches almost 70–80% while hypertriglyceridemia (HTG) has a frequency that

varies from 10 to 60% according to the studied population.1–4 Among patients with

severe HTG, only 2% have monogenic mutations.5 On the other hand, pancreatitis

is one of the most common gastrointestinal diagnoses in Europe and the USA but

only 10% is attributable to HTG, in which patients have increased blood viscosity

leading to pancreatic ischemia.6

Familial chylomicronemia syndrome (FCS), categorized as hyperlipoproteine-

mia type 1 in the Fredrickson’s classification, is a rare genetic condition affecting

around 1 in 1.000.000 patients worldwide.7,8 This disease is characterized by

severe forms of HTG or chylomicronemia with onset in infancy or adolescence,

recurrent episodes of pancreatitis, hepatosplenomegaly and other manifestations

like eruptive xanthomas and lipemia retinalis.9 Particularly, 70% of FCS patients

have had six or more pancreatitis events with an incidence of 42 episodes per

1000 person/year.5,10

Deleterious biallelic mutations in five autosomal genes encoding for proteins in the

lipolytic pathway have been found responsible for the phenotype: lipoprotein lipase

(LPL, MIM: 609708), apolipoprotein A-V (APOA5, MIM: 606368), apolipoprotein

C-II (APOC2, MIM: 608083), glycosylphosphatidylinositol-anchored high-density
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lipoprotein-binding protein 1 (GPIHBP1, MIM: 612757) and

lipase maturation factor 1 (LMF1, MIM: 611761), with LPL

accounting for the vast majority of cases (95%).11,12

The APOC2 gene encodes for apolipoprotein C-II

(ApoC-II), a 79 amino acid (9 kDa) molecule and an impor-

tant cofactor for the activation of LPL, resulting in clearance

of chylomicrons from circulation.13,14 FCS due to APOC2

mutations is also known as hyperlipoproteinemia type Ib or

APOC2 deficiency (MIM: 207750) and accounts for only 2%

of all FCS cases.8 Since the publication by Breckenridge in

1978, 22 mutations in the APOC2 gene have been reported in

literature, only one of them in the Latin-American

population.14–16 Here, we report a Colombian patient with

severe HTG and recurrent pancreatitis who presents a novel

mutation in the APOC2 gene.

Case Report
This is the case of a Colombian 50-year-old non-diabetic and

obese female (BMI 31.5 Kg/m2) with a past medical history

of severe HTG (onset after her menarche and worsening

during pregnancies), arterial hypertension and one miscar-

riage. She attended the Emergency Department four years

ago complaining of several episodes of vomiting, abdominal

distension, and epigastric pain after a copious meal. There

were no peritoneal irritation signs and laboratory results

included high concentrations of lipase (2.691 U/L) and

triglycerides (TG) (1.148 mg/dL). She was started on intra-

venous fluids, antispasmodics, and analgesics with complete

resolution of symptoms and was therefore discharged.

The patient was lost on follow-up and apparently replaced

allopathic treatment for dyslipidemia (fibrate plus high-

potency statin) with homeopathic medications. After three

years, she complained again of abdominal epigastric pain

irradiated to right lumbar quadrant. Basic blood tests were

otherwise normal with the exception of high levels of transa-

minases (AST 427.1 U/L, ALT 374 U/L). Abdominal con-

trasted computed tomography andmagnetic resonance showed

inflammation of the pancreatic head, neck and uncinated pro-

cess with plastron and signs of portal hypertension (Figure 1).

Based on normal serum lipase (43 U/L), these findings were

considered as incidental non-acute pancreatitis and treatment

was disregarded; on the contrary, a diagnosis of toxic hepatitis

caused by homeopathic drugs was suggested.

One month later, nausea, abdominal pain, and distension

recurred on epigastrium and right hypochondrium.

Laboratories obtained were positive for HTG (2.066 mg/dL)

with elevated lipase (982 U/L) in the settings of acute pancrea-

titis (APACHE II score: 8). Suddenly, she exhibited an altered

state of consciousness and hypotension (MBP 40 mmHg) and

was hospitalized in the Intensive Care Unit for four days.

Considering that the clinical picturewas consistentwith a very-

severe hypertriglyceridemic pancreatitis and that worrisome

Figure 1 Laboratory and imaging findings. (A) Creamy supernatant from drawn blood. (B) Progression of serum concentrations over time for TG, total cholesterol and

lipase. Star (*) specifies heparin infusion and error bars represent interquartile range (TG n=6, lipase n=2). (C) Coronal MRI showing acute pancreatitis. Arrows designate

inflammatory plastron.
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characteristics were present, the gastroenterology team started

her on unfractionated heparin infusion for 3 days (5000 UI/

5 hrs) that resulted in a reduction of up to 89.30% (221mg/dL)

and 44.7% (543 U/L) on TG and lipase, respectively.

Symptoms resolved completely. A fourth and short hospitali-

zation occurred in the last semester, referring the aforemen-

tioned symptoms but lipase concentrations were 443 mg/dL.

Over this year, fibrates have been rotated from gemfibro-

zil to fenofibrate and ciprofibrate due to fluctuations on TG

levels (Figure 1). She was also prescribed metformin, orlistat

and eicosapentaenoic acid with a mild effect. The ambulatory

comprehensive analysis included a transthoracic echocardio-

gram that only reported a mildly-enlarged left atrium (dia-

meter: 42 mm and volume: 37 mL/m2) and a carotid duplex

ultrasound which found no atherosclerosis. Evaluation of

cardiovascular risk revealed a low 10-year risk of myocardial

infarction or death of 2.3% (adjusted Framingham score for

Colombian population), with a borderline ASCVD risk of

5.5%. Taking into account the international recommenda-

tions on primary prevention of cardiovascular disease,

a coronary scan with calcium score was requested and dis-

carded significant atheromatous disease (5 HU).

Subsequently, a familial chylomicronemia syndrome

diagnosis was suspected considering the severity of HTG

(1148 mg/dL [IQR 375–2001] with total cholesterol/TG

ratio 7.5 [IQR 3.5–9.2]), refractoriness to multiple treat-

ments, and the feature of consanguineous parents (second

cousins), which increased the probability of an autosomal

recessive disorder. Nonetheless, she did not have a history

or exhibited lipemia retinalis or xanthomas.

Further investigation was performed using multigene

panel testing via next-generation sequencing. Specifically,

blood samples underwent automatized extraction and purifica-

tion processes for obtaining genomic DNA (QIAsymphony

SP®, Qiagen). Library preparation was performed

using SureSelect Reagent Kit (Agilent) for Illumina multi-

plexed paired-end sequencing following manufacturer’s

instructions and included 47 genes related to primary/poly-

genic hypertriglyceridemia and familial combined hyperlipi-

demia. Enrichment for regions of interest was based on

SureSelect Probe Kit (Agilent) that selectively captures codi-

fying regions and flanking intronic sequences from the desig-

nated genes. After the generation of clusters, theDNA libraries

were sequenced on the Illumina HiSeq 1500 platform. The

trimmed reads were mapped to the human reference genome

(GRCh38) using the Burrows-Wheeler aligner software.

A novel frameshift pathogenic variant in homozygous

state of the APOC2 gene (NM_000483.4) was identified:

c.133_134delTC (p.Ser45Glnfs*24) and confirmed by

Sanger sequencing. This 2-nucleotide deletion on exon 3 con-

verts the serine codon at position 45 into glutamine, which

causes a frameshift resulting in an early stop codon 23 residues

later (Figure 2). This variant has not been reported previously

in population databases or current medical literature. No other

gene variants were identified in this case. The patient’s mother

(75 years old), brother (52 years old), and son (23 years old)

consented for genetic testing and were found to be heterozy-

gous for this pathogenic variant (Figure 3). They exhibited

mildly elevated TG (164 mg/dL, IQR 113–166) and total

cholesterol levels (211 mg/dL, IQR 188–213).

In the last follow-up patient was overweight (BMI 26.3

Kg/m2; body fat percentage 29.7%) with symptoms com-

patible with binge-eating disorder. There were no physical

complaints or findings.

Discussion
Including this case, 95 subjects (probands and kindred) have

been reported with APOC2 mutations. Among them, 41

homozygous patients were diagnosed at a median age of 27

years (IQR 6–38), and 24 (58.53%) were females.

Additionally, 36.58% (n=15) were Europeans, 34.14%

(n=14) Americans, and 19.51% (n=8) Asians. Five patients

had a history of xanthomata and median body mass index for

adults was 22.9 Kg/m2 (IQR 20.8–26.8; n=11); maximum

TG concentrations were 2928 mg/dL (IQR 1787–5055;

n=40) but, interestingly, levels were <2000 mg/dL in 13

patients. ApoC-II was undetectable in 22 out of 27. Papers

by Okubo and Wolska have synthesized the biochemical and

genetic characteristics of these patients.14,16,17

Out of 23 mutations, 7 (30.43%) were missense, 6

(26.08%) frameshift, and 5 (21.73%) nonsense. A case initially

published in 1986 by Posner et al about a 4 month-old

Venezuelan male patient has been the only report in Latin-

Americawith anAPOC2mutation.16,17 InColombia, there has

been another report of a 45-year-old patient with a clinical

diagnosis of FCS, but in which the genetic etiology was not

identified.12

The APOC2 gene is located in chromosome 19, as part of

a cluster named APOE-APOC1-APOC4-APOC2, with

a complex transcriptional regulation.14 It gives rise to a 101-

amino acid peptide, which undergoes cleavage leaving

a mature protein containing 79 residues. ApoC-II is an impor-

tant component of lipoprotein metabolism, and is expressed in

the liver primarily, but also in enterocytes, macrophages and

many other cells. It is one of the multiple cofactors that have

an effect on the activation/inactivation of LPL. ApoC-II
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enhances LPL-mediated hydrolysis for energy delivery. Most

mutations are located in helix 1 of the protein, as in this case,

but this specific mutation creates a premature stop codon

which shortens the peptide chain and produces a protein with-

out helix 2 and 3 (Figure 2).

According to the recent review by Chyzhyk and

Brown, diagnosis of FCS is suspected in patients with

consecutive TG concentrations >885 mg/dL, total choles-

terol/TG ratio >5, levels of apolipoprotein B 100 (ApoB-

100) <75 mg/dL and total TG/ApoB-100 ratio >8.8.8,14

Creamy supernatant can be observed as well in drawn

blood (Figure 1). Furthermore, common treatment such

as statins and fibrates are not significantly effective when

comparing multifactorial chylomicronemia syndrome with

FCS (p=0.002) as these patients are unable to metabolize

chylomicrons increasing the suspicion.10 Patients usually

complain of multiple episodes of pancreatitis or abdominal

pain without an identifiable cause and there is no history of

alcoholism, diabetes, hypothyroidism, pregnancy or rele-

vant medicines consumption. Gene sequencing is the gold

standard while family carrier status assessment is

suggested.8 In this patient, it was curious that HTG appar-

ently started after her menarche (although we have no

data); estrogens are known to almost doubled after the

first menstrual period and to induce HTG by impairing

LPL function.18,19 Indeed, oral contraceptives use has been

associated with hypertriglyceridemic pancreatitis in FCS

patients.20

Therapeutic alternatives for FCS are scarce and regulation

of dietary intake of fat to 30–50 g/day is effective but difficult

for patients to apply consistently.8 Based on the available

literature, episodes of pancreatitis can be treated with plasma-

pheresis (especially in those with a worrisome picture), low-

calorie parenteral nutrition, and fresh plasma transfusion while

others sources claim that insulin (LPL synthesis regulating

factor) for diabetic patients and/or heparin infusions are valid

Figure 2 APOC2 protein scheme and three-dimensional visualization via Swiss-PDB Viewer. (A) Wild-type APOC2 protein. The purple polygons indicate the signal peptide

domain. H1: helix 1; H2: helix 2; H3: helix 3. (B) Suggested structure of mutated APOC2 protein (p.Ser45Glnfs*24). The structure variation due to a frameshift mutation in

protein is shown. In red: the aminoacid change; light color: the regions lost due to the premature stop codon.
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alternatives in the acute setting.21–23 Plasmapheresis in HTG-

pancreatitis was effective in the study by Gubensek et al for

removing TGmolecules and consequently reduced its concen-

trations in 59% compared to 27% in the conservative manage-

ment group (p<0.001). Non-fatal episodes were associated

with higher serum levels of sodium and calcium, shorter in-

hospital stay and use of citrate anticoagulation instead of

heparin.24

Unfractionated heparin (UFH) infusion enhances the

release of LPL attached to the endothelium and therefore

reduces plasma TG by converting them into free fatty acids

(FFA).23 In the study by Shirakawa’s team, levels of TG were

reduced from 74 (49–100) and 108 (73–150) mg/dL to 47

(31–74) and 73 (45–105) mg/dL, at fasting and postprandial

states, 15 mins after injecting 50 heparin U/Kg in normal

volunteers.25 Unfortunately, anticoagulant treatment does not

seem to improve HTG in the long term due to hepatic

LPL degradation, induced FFA toxicity, and potential

hemorrhages.23 In this patient, UFH infusion for 72 hrs caused

amaximal reduction of 1845mg/dL of TG but levels increased

again up to 179% two days later.

In our case, chronic control of TG concentration has

been difficult due to poor response with statins, fibrates,

tetrahydrolipstatin and even non-allopathic medicines.

Volanesorsen is a novel therapeutic option, not available

in Colombia, that induces an antisense-mediated inhibi-

tion of hepatic APOC3 mRNA and decreases apolipo-

protein C-III (ApoC-III) levels which, among other

effects, favors LPL function.8,26 The APPROACH,

a randomized clinical trial conducted by Witztum and

colleagues in FCS patients treated with volanesorsen,

showed a significant reduction of 84% and 77% in

ApoC-III and TG at 90 days. Nevertheless, only one

patient with APOC2 mutation was enrolled in the trial.

The main adverse effects included injection-site reac-

tions, thrombocytopenia, and abdominal pain, an event

that seems paradoxical in the context of the disease

clinical manifestations.26 Our patient might not benefit

from this therapy taking into account the lack of solid

evidence for treating HTG caused by APOC2 mutations

and current TG levels <500 mg/dL.

Conclusion
We describe a novel mutation in the APOC2 gene resulting in

familial chylomicronemia syndrome. To our knowledge, this

is the first Colombian patient with molecular confirmation of

Figure 3 Family pedigree and Sanger sequencing. (A) Pedigree demonstrating consanguineous relationship in the patients’ parents and carrier status of the frameshift

mutation c.133_134delTC in exon 3 of the APOC2 gene. Arrow: index case; black symbol: familial chylomicronemia syndrome; black dot: heterozygous carriers (B) Sanger
sequencing electropherogram of the patient and carriers of the frameshift mutation in the APOC2 gene.
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FCS, and the second in Latin-America. Clinical evidence of

recurrent pancreatitis and severe hypertriglyceridemia should

raise a suspicion of FCS and prompt genetic testing. Further

research is required in terms of prognosis and new therapeu-

tic interventions.
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