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Abstract

Background The familial chylomicronemia syndrome (FCS) is an ultra rare disease caused by lipoprotein

lipase (LPL) deficiency associated with potentially lethal acute pancreatitis risk. Thrombocytopenia (platelet

count < 150,000 x 10%/L) has been reported in patients with FCS, treated or not with volanesorsen, a second genera-
tion APOC3 anti-sense oligonucleotide. Chylomicrons are the lipoproteins delivering fat after a meal and FCS thus has
a post-prandial origin. Platelet count and function have not been studied post-prandially in FCS.

Objective To evaluate post-prandial fluctuations in the platelet count (PLC) and functional defects of hemostasis in
FCS.

Methods PLC, functional defects in hemostasis and hematologic variables were measured up-to 5 h after a meal in 6
homozygotes for FCS causing gene variants (HoLPL), 6 heterozygotes for LPL loss-of-function variants (HeLPL) and 7
normolipidemic controls.

Results Hourly post-prandial PLC was significantly lower in HoLPL than in controls (P <0.009). Compared to the other
groups, the PLC tended to decrease rapidly (in the first hour) post-meal in HoLPL (P=0.03) and remained lower than
baseline 5-h post-meal (P=0.02) whereas it tended to slightly increase in normolipidemic controls (P=0.02). Platelet
function was not affected by the prandial status. In HoLPL, post-prandial fluctuations in the PLC positively correlated
with the lymphocyte count (P=0.005) and negatively with neutrophil/lymphocyte ratio (NLR).

Conclusion The PLC decreases post-prandially in FCS (HoLPL), is not associated with changes in functional defects of
hemostasis and correlates with the NLR, a marker of acute pancreatitis severity.

Keywords Platelets, Familial chylomicronemia syndrome, Lipoprotein lipase, Lymphocytes, Pancreatitis, Volanesorsen

Introduction

Chylomicrons, the lipoproteins produced by the gut after
a meal, are responsible for the transport and delivery of
dietary triglycerides (TG) and cholesterol to peripheral
tissues and to the liver. Once in circulation, chylomicron-
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which characterizes chylomicronemia. Chylomicrons
are the largest circulating lipoproteins (>100 nm), and
plasma TG concentration remains elevated (> 10 mmol/L
(890 mg/dl)), in patients with the familial chylomicrone-
mia syndrome (FCS) (ORPHA:309,015), a rare autosomal
recessive disorder characterized by sustained chylomi-
cronemia due to bi-allelic combinations of loss-of-func-
tion (LoF) variants in the LPL gene or in genes coding for
proteins essential to LPL efficacy and bioavailability, such
as APOC2, GPIHBP1, APOA5 or LMF1 (1). Approxi-
mately 80% of FCS cases are explained by LoF muta-
tions in the LPL gene (1). FCS represents a high risk of
recurrent acute pancreatitis and other complications
(2-5) and affected subjects poorly respond to fibrates
and other currently used lipid lowering agents, although
new therapeutic options, including APOC3 inhibitors
are gradually emerging. Volanesorsen was a second gen-
eration APOC3 antisense oligonucleotide (ASO) (6-8).
Although highly effective in decreasing TG, volanesorsen
therapy was however associated with thrombocytopenia
(platelet count below 150,000 x 10°/L), leading regulatory
agencies to put in place risk mitigation strategies requir-
ing frequent platelet count assessments. Although several
elements suggest that volanesorsen-induced thrombo-
cytopenia is related to the drug construct, recent data
suggest that important fluctuations in the PLC is part of
the natural history of FCS (9). It is documented in nor-
molipidemic subjects that the PLC slightly increases after
a meal without altering platelet function (10). FCS is the
consequence of blood accumulation of chylomicrons,
the large lipoproteins transporting fat after a meal. FCS
has thus a post-prandial origin but the consequences
are chronic, multisystemic and peiotropic. However, the
PLC has not been studied post-prandially in patients with
sustained chylomicronemia. The objective of the present
study was thus to evaluate post-prandial fluctuations in
the platelet count (PLC) and functional defects in hemo-
stasis in FCS (HoLPL).

Method

Subjects and LPL status

A total of 19 patients were included in this study among
which 6 subjects with sustained chylomicronemia car-
rying bi-allelic FCS causing mutations in the LPL gene
(HoLPL), 6 heterozygotes for FCS complete or partial
loss-of-function LPL gene mutations and history of chy-
lomicronemia (HeLPL) and 7 normolipidemic wild-type
controls (WT). FCS status was assessed by genotyping
for FCS-causing mutations. The lipid profile, biochemi-
cal and hematological variables were measured by an
accredited clinical laboratory using standardized and
validated techniques. Multiparity Analyzer CX7 (Beck-
man) measured enzymatically cholesterol and TG levels.
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HDL level was measured after precipitation of the low-
density lipoprotein (LDL) with heparin and MnCl,.
None of the participants were taking a drug affecting
bleeding or hemostasis, including low dose aspirin. No
participant, in any group, was treated with a pharma-
cologic agent known to affect the PLC. No particpants
took or had taken any APOC3 or ANGPTL3 inhibitor
in the 12 months preceding the study including second
(volanesorsen) or Galnac third generation (olezarsen)
ASO, APOC3-iRNA, or ANGPTL3-iRNA or monoclonal
antibody(mab).

All participants gave their informed consent. This study
was conducted as part of the SMASH research program
(SMASH: Systems and Molecular Approaches of Severe
Hyperlipidemias) and was approved by IRB services
(Advarra).

Post-prandial hematological and platelet parameters
Hematological parameters, the lipid-lipoprotein profile,
the PLC and platelet function (PFA) were assessed hourly
up to 5 h following a meal standardly eaten at home by
the participants. Thrombocytopenia was defined accord-
ing to international standards as a PLC<150x10°/L,
whereas PLC >450x 10°/L. was defined as thrombocyto-
sis (11). Platelet function was measured with a Siemens
PFA-100 by asssessing occlusion time on a collagen
matrix coupled with epinephrine to activate platelet
aggregation. Normal occlusion time ranges used were 65
to 150 s. The complete blood count (CBC) was assessed
with a Beckman Coulter DxH 690 T system.

Statistical analyses

Analyses were performed using non-parametric tests.
Kruskal-Wallis were used to assess variations between
FCS (HoLPL), HeLPL subjects and normolipidemic con-
trols for continuous variables such as PLC, PFA, lipidic
profiles and blood cell count. Friedman analyses were
computed to assess intra-group variations and Spear-
man’s rank correlation tests to quantify the linear asso-
ciation between continuous variables. Results were
considered significant when P<0.05 (two-sided). All
statistical analyses were performed with SPSS software
(v.26; IBM, Armonk, NY, USA).

Results

Table 1 presents baseline (pre-meal) characteristics of all
participants. The wild-type group was younger than the
others. Patients with FCS (HoLPL) were characterized
by an history of sustained chylomicronemia, whereas
patients in the HeLPL group had fluctuant TG levels
but all presented an history of at least one documented
episode of chylomicronemia (TG levels>10 mmol/L).
FCS presented higher fasting TG levels than the 2 other
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Table 1 Participants' characteristics at baseline (pre-meal)

Characteristic FCS (HoLPL) HelPL Control Patients P-value
Sex ratio (M/F) 2/4 4/2 0/7 0.036
Age (y), range 37-74 53-72 25-62 0.032
Chylomicronemia Sustained At least once No

Fasting TG (mmol/L) (range) 255 (15.4-35.3) 35(2.5-47) 0.8(0.6-1.3) 0.001
Platelet count (x 10%/L) (range) 182 (161-217) 177 (139-227) 258 (194-329) 0.006
Mean platelet volume (fL) (range) 9.35(7.5-11) 9.25(7.9-104) 8.39 (74-9.5) NS
Platelet function (sec) (range) 171 (88-300) 121 (73—149) 105 (67-122) NS
Lymphocyte count (x 10%/L) (range) 1.62(0.8-3.3) 143 (1.2-1.7) 1.69 (1.2-2.3) NS
Neutrophil count (x 10%/L) (range) 593 (24-9.7) 3.58 (2.1-6. 8) 333(2.7-3.8) 0.1

NLR (range) 397 (24-7.0) 244 (1.5-4.0) 2.04(1.6-2.7) 0.02

HolLPL homozygous for loss-of-function variant in LPL gene, HeLPL heterozygous for loss-of-function variant in LPL gene, TG triglycerides, NLR neutrophil/lymphocyte

ratio

groups (P=0.001) and were the only ones having had
acute pancreatitis episodes (range: 2 to 84 episodes). All
participants presented baseline PLC values in a normal
range, although FCS and HeLPL had lower mean values
than the normolipidemic controls. The majority of FCS
and HeLPL patients had an history of thrombocytopenia
(at least one PLC value <150 10°/L in the medical file).
No differences were observed in the mean platelet vol-
ume, platelet function and neutrophil count between the
groups. However, FCS presented a significantly higher

neutrophil/lymphocyte ratio (NLR) (P=0.02) than the
two other groups.

Figure 1 presents the fluctuations in the PLC from
baseline up to 5 h post meal in each group. All plate-
let values remain in the normal range (>150 x10°/L)
although they were significantly lower in FCS (HoLPL)
and HeLPL patients compared to normolipidemic
controls (P<0.009). The PLC tended to increase dur-
ing the first hour post-meal in normolipidemic con-
trols and remained stable afterwards. In contrast, the
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Fig. 1 Hourly fluctuations of platelet values following a meal intake in FCS (HoLPL), HeLPL and normolipidemic controls. The line represents
thrombocytopenia threshold. Hourly p-values compare differences in the PLC between normolipidemic controls vs the 2 other groups. In FCS, the
PLC after 5 h was significantly lower than baseline (P=0.021) which was not the case among HelPL and controls (see text)
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PLC decreased in the first hour in FCS (P=0.02) and
5-h post-meal values were still lower than in the fasting
state. When compared to the other groups, fluctuations
in the PLC were also more pronounced in FCS (HoLPL)
patients (Fig. 2) than in HeLPL or controls (P=0.02).
Figure 2 also shows that the PLC tended to decrease
post-prandially in FCS and increase in normolipidemic
subjects. Platelet function remained normal and stable in
the three groups. Among other tested variables (data not
shown), differences were noted in triglycerides levels and
HDL-cholesterol concentration, TG values being higher
and HDL-cholesterol lower in FCS compared to controls
(P<0.001) at each timepoint, which was expected consid-
ering the natural history of the disease (12).

In the FCS (HoLPL) group, PLC relative fluctua-
tions 1 h after a meal correlate with plasma TG (r,=0.9;
P=0.03), the lymphocyte count (r,=0.943; P=0.005) and
the neutrophil/lymphocyte ratio (r,=-10.829; P=0.04).
Figure 3 illustrates the correlation between post-prandial
fluctuations in the lymphocyte count and the PLC in FCS
(HoLPL) in the first hour.

Discussion

Results of this study show that compared to normolipi-
demic controls and HeLPL, the PLC fluctuates and tends
to decrease post-prandially in FCS (HoLPL). Post-pran-
dial fluctuations in the platelet count are not associ-
ated with changes in platelet function but correlate with
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plasma triglyceride concentration, lymphocyte count
and the neutrophil/lymphocyte ratio (NLR), a diagnostic
marker of the severity of acute pancreatitis, an impor-
tant feature of FCS (13, 14). One hour post-meal, the
PLC decreased by 14% in FCS and slightly increased in
normolipidemic controls an observation already made
previously in healthy volonteers (10). Indeed, in a study
involving 15 subjects, Wiens et al. observed a post-
prandial increase in the PLC after a standard fat meal
and demonstrated that platelet function was not altered
by a meal (10). In their study, they measured collapsing
time on an epinephrine soaked membrane at baseline,
3 h and 6 h following the meal intake. We were also able
to demonstrate that platelet function was not altered
by the meal, in all groups. The postprandial decrease
in the PLC observed in FCS (HoLPL) seems paradoxal
although it is compatible with the natural history of
thrombocytopenia previously reported in these patients.
It has indeed been previously documented that fluctua-
tions in the PLC could be common in FCS (9). In a study
reviewing PLC values collected over a 15-year period
in 87 FCS (HoLPL) patients and 87 HeLPL, it has been
observed that 55.2% of FCS presented a history of throm-
bocytopenia (PLC<150,000x10°/L) on at least one
occasion, 2.4% experiencing severe thrombocytopenia
(PLC<50 000x10°/L) (9).

Thrombocytopenia has also been observed in phase 2
and phase 3 clinical trials conducted with Volanesorsen
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Fig. 2 Relative post-prandial fluctuations (in %) 1 h after the standard meal in the platelet count in FCS (HoLPL), HeLPL and wild-type controls. FCS
presented a significantly lower PLC and greater dispersion of values than HelLPL and WT controls (see text)
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Fig. 3 Correlation between relative differences in platelet and lymphocyte counts 1 h after the standard meal in FCS subjects

in FCS. Volanesorsen is an antisense oligonucleotide
(ASO) targeting APOC3 mRNA. It is a second genera-
tion ASO being currently replaced by a third generation
Galnac-ASO having less effets on the PLC (olesarsen) (6).

During the phase 3 trial with volanesorsen (the
APPROACH study) involving 66 FCS patients randomly
assigned to receive the treatment or placebo in a 1:1 ratio,
thrombocytopenia was observed in 25 treated patients
(76%). The treatment was discontinued for two patients
who had grade 4 thrombocytopenia (PLC<25x10°/L).
No other discontinuations were due to platelet decrease
in this study (6). In the COMPASS study, volanesorsen
was used to treat patients with multifactorial severe
hypertriglyceridemia including a subgroup of 7 patients
with FCS. Decrease in the PLC was observed in 9 patients
(12%) treated and one on placebo. One patient was dis-
continued due to PLC decrease under 50x 10°/L (15). It
has been suggested that thrombocytopenia occured as
the result of phosphorothioate modifications flanking the
oligonucleotides to prevent rapid degradation by nucle-
ases, a feature which is avoided with the development of
the third generation APOC3 ASO olesarsen which uses
Galnac technology for cell internalization and requires
lower dosage than volanesorsen (16, 17).

Analysis of clinical trial data collected in a large data-
base of studies using second generation ASO have been

conducted. The effects of ASO therapeutics on PLC and
function in more than 2600 subjects treated with 16 dif-
ferent 2’-O-methoxyethyl-modified ASOs (placebo-con-
trolled and open label trials), including volanesorsen,
were assessed. No significant decrease in platelet count
was observed and less than 10 subjects (0.3%) presented
a decrease in platelet count between 50 and 100x 10°/L.
No evidence of platelet activity alteration was observed
or linked to treatment with ASOs neither (18, 19). A
recent study suggests that Sequence-specific 2’-O-meth-
oxyethyl antisense oligonucleotides activate human
platelets through glycoprotein VI, triggering formation
of platelet-leukocyte aggregates (20). Platelet activa-
tion by 22MOE ASOs may cause increased expression of
surface proteins, with platelet adhesion to neutrophils,
and subsequent clearance of these cell complexes. How-
ever, this has not been specifically reported with volane-
sorsen. The more pronounced effect of volanesorsen on
the PLC in patients with FCS than other diseases might
reflect a combined effect of drug-induced and disease-
induced phenomenon, since thrombocytopenia is likely
part of the natural history of FCS, a post prandial dis-
ease. As a matter of fact, results of the present study sug-
gest that the PLC decreases post-prandially in FCS and
increases in the other groups similarly to that previously
observed in healthy volonteers (18, 19). Gene expression
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analyses conducted in patients with FCS and thrombo-
cytopenia suggest that more than 25% of genes are dif-
ferentially expressed in presence of thrombocytopenia
(21). A strong correlation was also observed between
the platelets and lymphocytes counts in FCS (r,=0.943;
P=0.005). Platelets release different inflammatory medi-
ators via their a-granules such as CD40L and CCL5
involved in immune-related cells recruitment, including
lymphocytes (22).

FCS is a chronic post-prandial and pro-inflammatory
disease. Chylomicrons are formed in the enterocytes and
reach the bloodstream through the lymphatic system. If
LPL is not or poorly available, the chylomicrons accumu-
late in the bloodstream and are subject to oxidative stress
leading to a pro-inflammatory state (2), which is compat-
ible with the correlation observed between the PLC and
lymphocytes count in the HoLPL group. The platelet-
lymphocyte ratio is a prognostic marker of inflamma-
tion, whereas the neutrophil/lymphocyte ratio (NLR) is
a marker of acute pancreatitis severity (13, 14, 23). The
correlation between the PLC and the NLR that has been
observed in our study was mainly driven by the lympho-
cytes count. As shown in Table 1, FCS patients have a
NLR higher than the other groups which is concordant
with the risk of severe acute pancreatitis in presence of
sustained chylomicronemia.

In this study, lower fasting (pre-meal) PLC was
observed in patients with partial (HeLPL) or complete
(HoLPL) LPL deficiency compared to controls but plate-
let hemostatic or coagulation effect was not affected.
Fluctuations in the PLC and thrombocytopenia is part
of the natural history of FCS (HoLPL) and has also been
observed in a lesser extent among patients with par-
tial LPL deficiency (HeLPL) (9). The important fluc-
tuations in the PLC observed over time and decades in
ECS suggest the involvement of platelets’ characteristics
not related to hemostasis, such as cargoing capability of
micro particles or microRNA or contribution to immune
and/or inflammatory responses. These characteristics
may contribute to the FCS phenotype and clinical expres-
sion. Thrombocytopenia and platelets characteristics
should be studied more extensively both post-prandially
and in the fasting state in FCS (HoLPL). Such studies are
ongoing and include functional analyses, gene expres-
sion profilling studies, exome sequencing, epigenetic
and lipidomic studies. The present study has other limi-
tations. First, the sample size is small, due to the rarity
of the disease. With a prevalence of 1-2 per million (24),
FCS is an ultra-rare disease. However, the fine phenotyp-
ing of patients having participated to this study and their
tight follow-up for decades is quite unique. Results of this
study require replication in a larger and more diversified
cohort.
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Conclusion

FCS is a rare post-prandial disease associated with
increased pancreatitis risk. Platelets functionality is not
altered in FCS although significant post-prandial fluctua-
tions in the PLC are noticed. Fluctuations in the PLC in
FCS are thus not solely related to volanesorsen treatment
and are likely part of the natural history of the disease.
Post-prandial flcutuations in the PLC in FCS correlate
with the NLR, a marker of acute pancreatitis severity.

Abbreviations

APOA5 Apolipoprotein A5

APOC2 Apolipoprotein C2

APOC3 Apolipoprotein C3

ASO Antisense oligonucleotide

CCLs C-C motif chemokine ligand 5

CD40L CDA40 ligand

FCS Familial chylomicronemia syndrome

GPIHBP1  Glycosylphosphatidylinositol anchored hidh density lipoprotein
binding protein 1

HelPL Heterozygote carrier for loss of function LPL gene variant

HDL High-density lipoprotein

HolPL Homozygote for loss of function LPL gene variant

LDL Low-density lipoprotein

LMF1 Lipase maturation factor 1

LoF Loss of function

LPL Lipoprotein lipase

mMRNA Messenger RNA

NLR Neutrophil/lymphocyte ratio

PFA Platelet function

PLC Platelet count

SMASH Systems and molecular approaches of severe hyperlipidemia

TG Triglycerides
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