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Letter to the Editor

Effects of Bezafibrate Treatment in a Patient 
and a Carrier With Mutations in the PNPLA2 
Gene, Causing Neutral Lipid Storage Disease 

With Myopathy
Neutral lipid storage disease with myopathy (NLSDM) is a 

rare but severe genetic disorder characterized by excessive lipid 
accumulation in tissues including skin, bone marrow, heart, liver, 
and muscles. Clinically, NLSDM patients present with severe 
dilated cardiomyopathy, skeletal muscle myopathy, and insulin 
resistance.1 NLSDM is caused by a defect in the PNPLA2 gene 
encoding the enzyme adipose triglyceride lipase (ATGL),2 which 
catalyzes the breakdown of triglycerides in multiple tissues and is 
the rate-limiting step of lipolysis. Although heterozygous carriers 
and homozygous patients both present with similar clinical symp-
toms, the severity of these symptoms in homozygous patients is 
more dramatic, leading to premature death attributed to dilated 
cardiomyopathy in some patients.1,2 To date, the only available 
treatment is strict dietary guidelines and is focused on treating the 
comorbidities rather than targeting the primary defect.

To investigate cardiac lipotoxicity in NLSDM, ATGL-deficient 
mice have been investigated. Just like NLSDM patients, ATGL-
deficient mice are also characterized by excessive lipid storage in 
skeletal muscle, liver, and heart, and they develop cardiomyopa-
thy at a young age, resulting in premature death.3 Interestingly, 
we reported recently that a lack of ATGL resulted in a diminished 
cardiac peroxisome proliferator-activated receptor (PPAR) activ-
ity and mitochondrial function, suggesting that lipolysis-derived 
fatty acids or fatty acid byproducts serve as transcriptional ac-
tivators of PPARs.4 Subsequently, pharmacological treatment of 
ATGL-deficient mice with PPAR agonists completely reversed 
the mitochondrial defects, restored cardiac function, and pre-
vented premature death. These promising findings inspired us to 
investigate whether PPAR agonist treatment in patients and car-
riers of a PNPLA2 gene defect could also have beneficial effects.

Although NSLDM is a very rare disease, we had the oppor-
tunity to study 2 sisters with PNPLA2 gene mutations. Patient 1 
is a 37-year-old woman with a body mass index of 21.4 kg/m2. 
During childhood, patient 1 developed hearing loss and progres-
sive proximal muscle weakness. Histological analysis revealed 
increased lipid accumulation in skeletal muscle and Jordan bodies 
in white blood cells. At the age of 34 years, she developed a dif-
fuse hypokinesia of the left and right ventricles of the heart with a 
decreased ejection fraction. Because of a nonsustained ventricu-
lar tachycardia, she received an implantable cardioverter defibril-
lator. The diagnosis of NLSDM in this patient was made after a 
DNA sequence analysis, showing 2 different mutations in both 
PNPLA2 alleles, causing a compound heterozygous mutation: a 
deletion causing a frame-shift at amino acid position 270 and a 

missense mutation 584C→T, which changes proline to leucine at 
amino acid 195, as described previously.1

Patient 2 is the 39-year-old sister of patient 1, with a body 
mass index of 27.7 kg/m2. She is a heterozygous carrier of the 
frame-shift at amino acid position 270 mutation and presents with 
symptoms, albeit milder than her sister. Clinically, the patient is 
characterized by mild myopathy, reduced exercise tolerance, a 
history of chronic otitis media, and 1 episode of meningitis. A 
muscle biopsy and the presence of Jordan bodies confirmed neu-
tral lipid storage.

We treated both patients with bezafibrate (Bezalip, Actavis, 
400 mg daily) for 28 weeks. Four body mass index- and age-
matched female control subjects served as a patient-specific refer-
ence group but did not receive any treatment.

As expected, fibrate treatment resulted in a decrease in circu-
lating triglyceride levels (–20% in patient 1 and –65% in patient 
2; Table). Meanwhile, no changes in other circulating plasma 
parameters were observed. In both patients, metabolic clearance 
rate, a measure of whole-body insulin sensitivity measured us-
ing a hyperinsulinemic euglycemic clamp,5 was lower compared 
with controls but slightly improved after 12 weeks of bezafibrate 
treatment (Table). Furthermore, both patients showed a marked 
increase in metabolic flexibility (change in respiratory quotient 
from fasted to insulin-stimulated condition) after bezafibrate 
treatment (△ respiratory quotient from 0.03 to 0.16 in patient 1 
and 0.09 to 0.17 in patient 2 versus control △ respiratory quotient 
of 0.12). Whole-body fat oxidation, measured in the fasted state, 
slightly increased after 12 and 28 weeks of treatment in both 
patients, whereas fasting glucose oxidation rates declined over 
this intervention period, normalizing to values found in controls 
(Figure A). Ex vivo fatty acid oxidative capacity was determined 
in muscle biopsies. Unfortunately, biopsy yield in patient 2 was 
too small to perform this assay at week 0. In both patients, ex vivo 
fatty acid oxidation markedly improved and normalized toward 
control values (Figure B), with no marked changes in ex vivo 
glucose oxidation (data not shown). Furthermore, ex vivo mito-
chondrial function (determined in permeabilized muscle fibers) 
upon the addition of octanoyl-carnitine showed similar improve-
ments as the palmitate oxidation assay (data not shown). These 
data indicate that, as in ATGL-deficient mice, fatty acid oxidation 
in these patients improved on fibrate treatment.

Most importantly, skeletal muscle lipid content, measured in 
muscle biopsies using oil red O staining, strongly decreased in 
both patients on treatment, although it remained elevated com-
pared with controls (Figure C). Lipid accumulation in cardiac 
muscle and liver in patient 2, measured with 1H-magnetic reso-
nance spectroscopy,6 also seemed to decrease over the 28-week 
intervention period (Figure D). Because of the presence of an 
implantable cardioverter defibrillator, these magnetic resonance 
spectroscopy measurements could not be performed in patient 1.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT01527318
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Despite a marked decrease in tissue lipid accumulation and an 
improvement in oxidative metabolism, no major changes were 
(yet) found in clinical parameters. Handgrip strength was low in 
NLSDM patients and did not change on bezafibrate treatment in 
either subject (data not presented). However, both patients did show 
an improvement in a leg extension test, a measure of leg muscle 
strength (Figure E). Although this did seem to consistently improve, 
the values for both patients remained low compared with age, body 
mass index, and sex-matched controls (Figure E, dotted lines).

Cardiac function at baseline was impaired in patient 1 and nor-
mal in patient 2 (Table). Patient 1, who is known to have frequent 
arrhythmias before treatment, only had 1 episode with a nonsus-
tained ventricular tachycardia during the intervention period, as 
registered by the implantable cardioverter defibrillator. Still, neither 
the ultrasound nor the ECG could detect marked changes in cardiac 
function in both patients after 28 weeks of treatment (Table).

Consistent with the findings in mice lacking ATGL,4 
bezafibrate treatment resulted in a marked lowering of cardiac 

Figure.  Metabolic, clinical, and functional changes on bezafibrate treatment in neutral lipid storage disease with myopathy 
(NLSDM) patients. A, Whole-body fat and glucose oxidation measured after an overnight fast using indirect calometry. B, Ex vivo 
palmitate oxidation to CO2 in muscle homogenates. C, Representative images of skeletal muscle lipid content, measured with oil red  
O (ORO) staining in muscle biopsies of the vastus lateralis muscle, and a quantitative bar graph representing the average lipid 
accumulation of these images. D, Magnetic resonance spectroscopy (MRS) analysis in patient 2 of cardiac lipid content, given as the 
ratio of the CH2/water resonance (%) and hepatic lipid content (right axis) given as fat/water ratios (%, after T1 and T2* correction), as 
determined by fat-selective magnetic resonance imaging (MRI). E, One-legged weight pulling, time until exhaustion. Black bars represent 
before, open bars represent after 12 weeks, and gray bars represent after 28 weeks of bezafibrate treatment. In all of the graphs, 
reference values (as measured in our control subjects) are indicated by the dotted (average) and solid (SD) lines.
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and muscle fat content and an increase in fat oxidative capacity. 
In healthy subjects, fibrates were shown not to affect ectopic lipid 
content,7,8 suggesting that fibrates may reduce the extreme lipid 
accumulation that characterizes NLSDM by upregulating and 
normalizing oxidative metabolism. Haemmerle et al4 showed 
recently that the lack of ATGL prevents liberation of fatty acids 
(or fatty acid intermediates) for PPAR signaling from the lipid 
droplet, hence resulting in an impaired fat oxidative capacity. As 
a consequence, oxidation of circulatory fatty acids taken up in 
muscle, liver, and heart is compromised, and these fatty acids 
will be more readily directed to storage. By providing synthetic 
PPAR agonists to ATGL-deficient mice, fat oxidative capacity 
could be increased, ectopic fat storage was blunted, and cardiac 
dysfunction was completely restored. The results presented here 
indicate that, in humans with compromised ATGL activity, PPAR 
treatment results in similar improvements in fat oxidation and 
tissue lipid storage, as in ATGL-deficient mice. However, unlike 
ATGL-deficient mice, the improvements in lipid accumulation 
and oxidative metabolism observed in our patients did not (yet) 
result in pronounced clinical changes. Leg muscle strength did 

improve but was not paralleled by a decrease/normalization 
of creatine kinase levels or a change in handgrip strength. 
Furthermore, cardiac function seemed unaltered. Whether the 
lack of clinical changes are attributed to the relative short duration 
of the treatment or the fact that treatment could only be started in 
patients who are in a later stage of the disease (note that ATGL-
deficient mice were treated from early age onward) cannot be 
deduced from the present study and needs further investigation.

In conclusion, our results suggest that, similar to mice lacking 
ATGL, NLSDM patients may also benefit from bezafibrate treat-
ment with respect to lipid accumulation and fat oxidative capac-
ity. However, 28 weeks of bezafibrate treatment did not result in 
clinical changes in these patients. Longer studies are needed to 
investigate whether these improvements can also translate into 
clinical improvements in these patients.
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Table. Patient Characteristics and Outcome Parameters

Controls (n=4)

Patient 1 Patient 2

Characteristic Before 12 wk 28 wk Before 12 wk 28 wk

Basal Age 33±5 37 - - 39 - -

Body weight, kg 80.8±8.3 70.4 71.2 70.4 79.4 80.2 80.4

BMI, kg/m2 27.8±2.2 21.4 21.6 21.5 27.7 27.9 27.9

Body fat % 34.2±1.4 32.3 31.6 - 38.3 39.3 -

Total cholesterol, mmol/L 5.4±0.4 4.3 3.4 3.7 4.8 5.1 4.3

HDL, mmol/L 1.8±0.2 1.2 1.1 1.3 1.1 1.4 1.3

LDL, mmol/L 3.1±0.4 2.7 1.8 2.2 2.9 3.1 2.7

Triglycerides, mmol/L 1.22±0.37 0.96 0.59 0.66 1.91 0.92 0.65

Free fatty acids, mmol/L 0.47±1.30 0.15 0.20 0.30 0.64 0.08 0.40

Creatinine, µmol/L 73.0±4.5 61 56 68 60 72 82

CK, U/L 64.0±8.8 307 290 266 61 88 81

ALAT, U/L 18.0±3.1 26 26 29 15 19 15

ASAT, U/L 45.0±8.8 32 34 32 12 21 16

γ-GT 21.0±1.4 26 20 17 19 24 16

Clamp MCR-value, mL/(kg∙min) 8.5±1.0 6.2 6.6 - 3.4 3.9 -

Glucose, mmol/L

 Basal 4.5±0.5 4.9 5 - 5.4 5.3 -

 During clamp 5.5±0.5 6.4 5.3 - 6.6 5.2 -

Insulin, µU/L

 Basal 4.8±0.9 8.6 7.9 - 8.5 8.9 -

 During clamp - 99.2 91.7 - 66.2 66.8 -

US Heart rate, bpm 60.0±5.0 76 72 76 74 77 79

%FS, % 30.00±4.13 16 10 - 42 40 39

LVEF MOD (A4C), % 57.00±6.03 50 54 53 72 69 63

LV mass (ASE), g 114.0±8.0 226 247 278 108 131 142

Rel. WT 0.84±0.01 1.18 1.17 1.26 0.95 0.88 0.98

Changes in plasma values and cardiac ultrasound (US). Results are presented for controls and both patients before and after 12 and 28 wk of treatment with 
Bezafibrate. Plasma values are determined after an overnight fast and during a hyperinsulinemic euglycemic clamp. Ultrasound results are presented for 2-dimensional 
imaging. BMI indicates body mass index; CK, creatine kinase; FS, fractional shortening; LVEF, left ventricular ejection fraction; LV mass, left ventricular mass calculated 
according to the American Society of Echocardiography convention; MCR, metabolic clearance rate of glucose; and Rel WT, relative wall thickness.
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