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to cause degradation of the LDLR but rather, that PCSK9 
binds to the LDLR and subsequently targets it for lyso-
somal destruction within the hepatocyte ( 11–14 ). This 
concept that PCSK9 acts as a secreted protein to bind the 
hepatic LDLR and causes its degradation is supported by 
recent fi ndings that disruption of this binding using anti-
PCSK9 antibody results in preserved LDLR and decreased 
LDL-C ( 15–17 ). As a result of LDLR levels being decreased 
through this action of PCSK9, the liver has decreased abil-
ity to bind LDL from the circulation and serum LDL-C 
levels increase. Therefore, functional mutations in PCSK9 
have dramatic effects on serum LDL-C levels in humans. 

 Patients with gain-of-function mutations of PCSK9 pres-
ent with severe familial hypercholesterolemia and ac-
companying increased cardiovascular risk ( 18–21 ). These 
gain-of-function mutations in PCSK9 account for some of 
the familial dominant hypercholesterolemia cases that 
could not be explained by mutations in either the LDLR 
or apolipoprotein B ( 18–21 ). In contrast, heterozygous 
subjects with loss-of-function mutations in PCSK9, includ-
ing mutations that prevent the self-cleavage and secretion 
of the protein, have signifi cantly decreased levels of serum 
LDL-C and dramatically decreased cardiovascular risk 
( 22–24 ). Approximately 2% of African-Americans carry 
such mutations with an accompanying 80–90% decreased 
risk of serious cardiovascular disease ( 22 ). A compound 
heterozygote for PCSK9 loss-of-function mutations was 
also recently described. This subject, a healthy 32-year-old 
female, had an extremely low serum LDL-C level of 14 
mg/dl ( 24 ). 

 Statins have been shown to increase the activity/nuclear 
translocation of sterol-regulatory element binding pro-
tein-2 (SREBP-2), a transcription factor that activates both 
the LDLR and PCSK9 genes ( 25, 26 ). Statins were reported 
to increase PCSK9 mRNA expression ( 25, 26 ), and we hy-
pothesized that statin treatment in humans should in-
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 Proprotein convertase subtilisin kexin type 9 (PCSK9) 
has gained signifi cant attention as a key regulator of se-
rum LDL-cholesterol (LDL-C) levels ( 1–4 ). PCSK9 is a 
protease made and secreted by the liver into the plasma, 
which then binds to and causes the degradation of hepatic 
LDL receptors (LDLR) ( 5–10 ). The mechanism by which 
PCSK9 degrades LDLR is very complex and is only begin-
ning to be understood. It has recently been observed that 
the protease itself does not have to be enzymatically active 

 Manuscript received 3 September 2009 and in revised form 8 September 2009. 

  Published, JLR Papers in Press, September 8, 2009  
  DOI 10.1194/jlr.M000620  

 Fenofi brate treatment increases human serum proprotein 
convertase subtilisin kexin type 9 levels 

  Jason S.   Troutt ,  William E.   Alborn ,  Guoqing   Cao , and  Robert J.   Konrad   1   

 Lilly Research Laboratories, Eli Lilly and Company, Indianapolis, IN 46285 

 Abbreviations: LDL-C, LDL cholesterol; LDLR, LDL receptor; 
PCSK9, proprotein convertase subtilisin kexin type 9; PPAR, peroxi-
some proliferator-activated receptor; SREBP-2, sterol-regulatory bind-
ing protein-2; TG, triglyceride. 

  1  To whom correspondence should be addressed.  
   e-mail: konrad_robert@lilly.com 



346 Journal of Lipid Research Volume 51, 2010

nostics, Indianapolis, IN). HDL-C was measured via a dextran 
sulfate precipitation method in which a 10 g/L dextran sulfate 
(M r  50,000) Mg 2+  solution was used to precipitate apoB-contain-
ing particles. Following centrifugation, the cholesterol content of 
the HDL-C-containing supernatant was measured on a Roche 
Hitachi 717 analyzer. LDL-C was measured using an ultracentri-
fugation assay in which 3 ml of serum was centrifuged using a 
Beckman L8-70M ultracentrifuge at 25,000  g  for 20.25 h. After-
ward, a Beckman tube slicer was used to remove the bottom frac-
tion of the tube. Following volume correction, cholesterol 
content of the bottom fraction of the tube was measured on a 
Roche Hitachi 717 analyzer. LDL-C was then determined as cho-
lesterol present in the bottom fraction minus HDL-C. 

 PCSK9 ELISA 
 PCSK9 levels in the serum samples were measured using our 

recently described PCSK9 dual monoclonal antibody sandwich 
ELISA ( 27, 28 ) with minor modifi cations, including the use of a 
nonHis-tagged recombinant PCSK9 standard. The exact epitopes 
recognized by the antibodies used in the ELISA are not known at 
this time. Human PCSK9 used as a standard in the ELISA was 
cloned from a human liver cDNA library with a resulting con-
struct used to generate an HEK293 stable cell line over-express-
ing PCSK9. The cDNA sequence used did not code for a His-tag. 
Cells were grown in serum free media, and the secreted PCSK9 
protein was purifi ed using an ion-exchange column followed by 
size-exclusion chromatography. Identity of the protein was con-
fi rmed by N-terminal sequencing, and purity was judged to be 
greater than 95% based on SDS-PAGE followed by Coomassie 
blue staining. ELISA wells were coated overnight with anti-PCSK9 
monoclonal antibody at a concentration of 5  � g/ml. The follow-
ing day, wells were aspirated, washed three times with assay buffer 
(50 mM HEPES, pH 7.40, 150 mM NaCl, 1% Triton X-100, 5 mM 
EDTA, 5 mM EGTA), and blocked for 1 h with TBS-casein block-
ing buffer (Pierce). Next, 100  � l of nonHis-tagged recombinant 
PCSK9 standards (varying concentrations of recombinant pro-
tein in assay buffer) was added to the wells as a standard curve. 
Afterward, serum samples were diluted 1:20 in assay buffer, added 
to their respective wells, and the ELISA plate was incubated for 
2 h at room temperature. Following aspiration, wells were washed 
three times with assay buffer, and 100  � l of a 1:1000 dilution of 
conjugate antibody (HRP-labeled anti-PCSK9 monoclonal anti-
body, 1 mg/ml) was added to the wells for a 1 h incubation at 
room temperature. Following aspiration, wells were washed three 
times with Tris buffered saline + Tween (TBST). After the last 
aspiration of TBST, 100  � l of TMB development substrate 
(Pierce) were added to the wells and allowed to incubate for 30 
min at room temperature. The reaction was stopped with an 
equal volume of 2N phosphoric acid and plates were read at 450 
nm. SigmaPlot, version 8.0, was used for fi tting of the calibration 
curves. Reproducibility of the ELISA on frozen serum samples 
was tested by looking at the effect of up to four freeze-thaw cycles 
on samples, with at least 90% recovery observed for all samples 
after four freeze-thaw cycles. 

 Immunoprecipitation and Western blotting of PCSK9 
 Analysis of PCSK9 levels in serum samples by immunoprecipi-

tation and Western blotting was performed as previously de-
scribed ( 27 ) with minor modifi cations, including the use of a 
nonHis-tagged recombinant PCSK9 standard. For each immuno-
precipitation, 100  � l of serum was added to 900  � l of immuno-
precipitation buffer (50 mmol/L HEPES, pH 7.40, 150 mmol/L 
NaCl, 10 ml/L Triton X-100, 5 mmol/L EDTA, 5 mmol/L 
EGTA). Next, PCSK9 was immunoprecipitated overnight with 1 
 � g of anti-PCSK9 monoclonal antibody covalently coupled to tri-

crease circulating PCSK9 protein levels. Subsequently, our 
laboratory, using our novel dual monoclonal antibody 
PCSK9 sandwich ELISA ( 27 ), was the fi rst to demonstrate 
that atorvastatin treatment signifi cantly increased PCSK9 
serum levels ( 28 ), an observation that has since been con-
fi rmed by at least two other laboratories ( 29, 30 ). These 
observations of statin-induced increases in serum PCSK9 
levels may help explain the rule of 6% for statins, which 
indicates that each doubling of the statin dose results in 
only about a 6% further decrease in LDL-C. These obser-
vations also suggested that the addition of a PCSK9 inhibi-
tor to statin therapy may result in even further LDL-C 
lowering. In light of these interesting observations with 
atorvastatin, we used our recently developed PCSK9 ELISA 
( 27 ) to investigate the effect of another common lipid low-
ering medication, fenofi brate, on circulating PCSK9 pro-
tein levels in patients treated with fenofi brate or placebo 
over a 12 week period. 

 MATERIALS AND METHODS 

 Serum samples 
 Human serum samples were obtained from patients in a re-

cently described phase 2 clinical trial who gave permission for 
their samples to be banked for future exploratory lipid analyses 
( 31 ). After obtaining protocol approval from an Institutional Re-
view Board and the proper informed consent from each patient, 
samples were collected, banked, and deidentifi ed to protect pa-
tient privacy so that only lipid data and dose group could be 
linked to the PCSK9 ELISA results. The specifi c clinical trial stud-
ied the effect of 12 weeks of treatment with a novel peroxisome 
proliferator-activated receptor (PPAR)- �  agonist LY518674. In 
addition, the study also included a placebo group and an active 
comparator group (200 mg per day of fenofi brate). The results 
of this trial as well as its sister study, which examined the effect of 
LY518674 on patients treated with atorvastatin, have been previ-
ously disclosed ( 31 ). Samples from placebo and fenofi brate-
treated patients were analyzed to determine the effect of 
fenofi brate on PCSK9 levels compared with placebo. 

 In order to be included in the study, patients had to have a 
diagnosis of atherogenic dyslipidemia characterized by both a 
low HDL-C (<45 mg/dl for men or <50 mg/dl for women) and 
an elevated triglyceride level (150–600 mg/dl). Patients also had 
to have a LDL-C level <160 mg/dl and had to be between 18 and 
80 years old to participate in the study. Patients with a HbA1c 
>8% were excluded from the study. In the placebo group, 72% of 
the patients were male, 28% were female, the mean age was 57, 
and the mean body mass index was 31. In the fenofi brate group, 
65% of the patients were male, 35% were female, the mean age 
was 52, and the mean body mass index was 32. For this research, 
only patients who received placebo or fenofi brate therapy alone 
were studied, and only patients who contributed a complete set 
of baseline and endpoint banked samples were analyzed for 
PCSK9 levels. This resulted in 17 patients in the placebo group 
who received placebo only for 12 weeks, and 22 patients in the 
fenofi brate group receiving 200 mg per day of fenofi brate only 
for 12 weeks. Serum samples were shipped on dry ice and stored 
at  � 70°C prior to subsequent analysis. 

 Routine lipid analysis 
 Concentrations of serum triglycerides and total cholesterol 

were measured using Hitachi Chemistry Systems (Roche Diag-
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sis, the fenofi brate-induced decrease in triglyceride 
became signifi cant with a baseline level of 2.5 ± 0.2 mmol/L 
and an endpoint level of 1.8 ± 0.2 mmol/L ( p  = 0.02 vs. 
baseline). 

 Recent contradictory observations regarding the effects 
of fi brates on hepatocyte PCSK9 secretion ( 32, 33 ) led us 
to investigate the effect of fenofi brate on PCSK9 levels. We 
hypothesized that fenofi brate treatment might increase 
circulating PCSK9 protein levels based on our own previ-
ous observations with statins, which can increase the activ-
ity/nuclear translocation of SREBP-2, a transcription 
factor that activates both the LDLR and PCSK9 genes ( 25, 
26 ). To test this hypothesis, we used our recently devel-
oped PCSK9 dual monoclonal antibody sandwich ELISA 
( 27, 28 ) to measure serum PCSK9 levels in fenofi brate-
treated patients. 

   Figure 2A   demonstrates that fenofi brate treatment sig-
nifi cantly increased serum PCSK9 levels.  In the placebo 
group, there was no signifi cant change in PCSK9 from 

sacryl beads (Pierce). Afterward, beads were washed twice with 
immunoprecipitation buffer, and 40  � l of 2× sample buffer (100 
mmol/L Tris, pH 6.80, 40 g/L SDS, 200 ml/L glycerol, 20 mg/L 
bromophenol blue, 15 g/L dithiothreitol) was added to each 
tube. Samples were vortexed, boiled for 5 min, and stored at 
 � 20°C prior to electrophoretic analysis. Western blotting was 
performed using SDS-polyacrylamide gels with colored molecu-
lar weight markers (Invitrogen) run on each gel. Proteins were 
separated for 1 h at 175 V at room temperature and transferred 
to ECL nitrocellulose paper (Amersham) for 1 h (100 V, 4°C). 
Nitrocellulose blots were blocked for 1 h at room temperature in 
Tris-buffered saline (TBS)-casein blocking buffer (Pierce) con-
taining 1 ml Tween 20/L. After blocking, blots were probed with 
HRP-labeled polyclonal anti-PCSK9 antibody in blocking buffer 
for 1 h at room temperature. Blots were washed three times (10 
min each) with TBST (10 mmol/L Tris pH 7.40, 150 mmol/L 
NaCl with 1 ml Tween 20/L). After washing, blots were devel-
oped with ECL reagent (Amersham), air-dried, and exposed to 
Bio-Max X-ray fi lm (Kodak). 

 Data analysis 
 SigmaPlot, version 8.0, was used for fi tting of the calibration 

curves for the PCSK9 ELISA. Data were analyzed and plotted us-
ing the program FigP (Biosoft, St. Louis, MO). Statistical analysis 
was performed using the same program. A  p -value of less than 
0.05 was considered to indicate statistical signifi cance. 

 RESULTS 

   Figure 1A   demonstrates the effect of fenofi brate, 200 
mg per day for 12 weeks, versus placebo on serum HDL-C 
levels.  In the placebo group, there was no signifi cant 
change in HDL-C from baseline to endpoint. At baseline 
in the placebo group, HDL-C levels were 1.01 ± 0.05 
mmol/L. Following 12 weeks of placebo only treatment, 
there was no signifi cant change with endpoint HDL-C lev-
els being 0.92 ± 0.06 mmol/L. In contrast, in the fenofi -
brate group, there was a signifi cant increase in HDL-C 
from baseline to endpoint. At baseline in the fenofi brate-
treated group, HDL-C levels were 0.96 ± 0.04 mmol/L. 
Following 12 weeks of fenofi brate treatment at a dose of 
200 mg/day, there was a signifi cant 19% increase with 
endpoint HDL-C levels of 1.14 ± 0.04 mmol/L ( p  < 0.01 
versus baseline). 

 With regard to triglyceride levels, fenofi brate treatment 
caused a 23% decrease although this decrease did not 
reach statistical signifi cance ( Fig. 1B ). Specifi cally, in the 
placebo group, there was no signifi cant change in triglyc-
erides (TGs) from baseline to endpoint. At baseline in the 
placebo group, TG levels were 2.9 ± 0.3 mmol/L. Follow-
ing 12 weeks of placebo only treatment, there was no sig-
nifi cant change with endpoint TG levels being 3.0 ± 0.3 
mmol/L. At baseline in the fenofi brate-treated group, TG 
levels were 2.6 ± 0.2 mmol/L. Following 12 weeks of feno-
fi brate treatment at a dose of 200 mg/day, there was a 23% 
decrease with endpoint TG levels of 2.0 ± 0.2 mmol/L, al-
though this decrease did not achieve statistical signifi cance 
( p  = 0.07 vs. baseline). Interestingly, further analysis of the 
individual data revealed that there was one patient who 
had a paradoxical 97% increase in serum triglyceride lev-
els. When this patient’s data were removed from the analy-

  Fig.   1.  Effect of fenofi brate on serum HDL-C and triglyceride 
levels. A: Baseline and endpoint samples from patients receiving 
placebo only for 12 weeks or fenofi brate only (200 mg per day) for 
12 weeks were analyzed for HDL-C levels. Levels at baseline and 
endpoint were plotted for each group. Data are expressed as the 
mean ± SEM. Fenofi brate treatment caused a signifi cant 19% in-
crease in serum HDL-C. B: Patient samples described in  Fig. 1A  
were analyzed for serum triglyceride levels. Data are expressed as 
the mean ± SEM. Fenofi brate treatment caused a 23% decrease in 
serum triglycerides, which did not achieve statistical signifi cance.   
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of fenofi brate treatment at a dose of 200 mg/day, there 
was a 10% decrease, with endpoint LDL-C levels of 2.8 ± 
0.2 mmol/L, although this decrease did not reach statisti-
cal signifi cance ( p  = 0.18 vs. baseline). 

 In light of these interesting results showing that fenofi -
brate treatment signifi cantly increased serum PCSK9 lev-
els as measured by our sandwich ELISA method, as well as 
a recent report of a furin breakdown product of PCSK9 
protein present in plasma migrating as a band below the 
PCSK9 band ( 29 ), we further investigated the fenofi brate-
induced increase in PCSK9 by performing immuno-
precipitation and Western blotting analyses of some 
representative placebo and fenofi brate-treated patient 
samples included in  Fig. 2A,  which still had adequate vol-
ume remaining for immunoprecipitation (at least 100  � l). 
Results of these experiments are shown in   Fig. 3  , which 
demonstrates that fenofi brate treatment resulted in spe-
cifi c increases in the intact PCSK9 protein band that comi-
grated with the recombinant PCSK9 protein standard and 
that correlated well with results obtained using our sand-
wich ELISA.  

 After obtaining these data, we next investigated the cor-
relation in percent changes in serum PCSK9 levels versus 
the percent changes in LDL-C, HDL-C, and TG levels in 
the fenofi brate-treated patients.   Figure 4A    shows the cor-
relation between percent changes in LDL-C and PCSK9 

baseline to endpoint. At baseline in the placebo group, 
PCSK9 levels were 104 ± 8 ng/ml. Following 12 weeks of 
placebo treatment, there was no signifi cant change with 
endpoint PCSK9 levels being 105 ± 8 ng/ml. In contrast, 
in the fenofi brate group, there was a signifi cant increase 
in serum PCSK9 levels from baseline to endpoint. At base-
line in the fenofi brate-treated group, PCSK9 levels were 
96 ± 6 ng/ml. Following 12 weeks of fenofi brate treatment at 
a dose of 200 mg/day, there was a signifi cant 25% increase 
with endpoint PCSK9 levels of 120 ± 8 ng/ml ( p  < 0.01 vs. 
baseline). 

 With regard to LDL-C levels, there were no signifi cant 
changes from baseline to endpoint. At baseline in the pla-
cebo group, LDL-C levels were 2.6 ± 0.2 mmol/L. Follow-
ing 12 weeks of placebo only treatment, there was no 
signifi cant change with endpoint LDL-C levels being 2.8 ± 
0.1 mmol/L. At baseline in the fenofi brate-treated group, 
LDL-C levels were 3.1 ± 0.2 mmol/L. Following 12 weeks 

  Fig.   2.  Effect of fenofi brate on serum PCSK9 and LDL-C levels. 
A: Baseline and endpoint samples from patients receiving placebo 
only for 12 weeks or fenofi brate only (200 mg per day) for 12 weeks 
were analyzed for PCSK9 levels using a dual monoclonal antibody 
PCSK9 sandwich ELISA method. Data are expressed as the mean ± 
SEM. Fenofi brate treatment caused a signifi cant 25% increase in 
serum PCSK9 levels. B: Patient samples described in  Fig. 2A  were 
analyzed for serum LDL-C levels. Data are expressed as the mean ± 
SEM. Fenofi brate treatment caused a 10% decrease in serum 
LDL-C, which did not achieve statistical signifi cance.   

  Fig.   3.  PCSK9 immunoprecipitation and Western blotting analy-
sis of patient serum samples. In order to confi rm the effect of feno-
fi brate treatment on serum PCSK9 levels, representative patient 
serum samples that still had adequate volume remaining were im-
munoprecipitated with the same anti-PCSK9 capture monoclonal 
antibody used in the ELISA. Afterward, immunoprecipitates were 
analyzed via Western blotting with HRP-labeled polyclonal anti-
PCSK9 antibody. Both baseline and endpoint samples from repre-
sentative placebo and fenofi brate treated patients were analyzed. 
The predominant band indicated with the arrow represents intact 
PCSK9 protein. The mobility of the band immediately below is con-
sistent with the furin cleavage product of PCSK9 while the mobility 
of the band at the bottom of the blot is consistent with PCSK9 pro-
peptide ( 29 ). Results were compared with those obtained using the 
PCSK9 ELISA described in  Fig. 2A . Results obtained via immuno-
precipitation and Western blotting compared well with those ob-
tained by ELISA, confi rming the effect of fenofi brate treatment on 
PCSK9 levels.   
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for the fenofi brate-treated patients. Interestingly, percent 
changes in PCSK9 levels were negatively signifi cantly cor-
related with percent changes in serum LDL-C levels ( r  = 
 � 0.48,  p  = 0.03).  Figure 4B  shows the relationship between 
the percent changes in PCSK9 levels and the percent 
changes in HDL-C levels. This fi gure demonstrates that 
changes in PCSK9 levels were also negatively signifi cantly 
correlated with percent changes in serum HDL-C levels 
( r  =  � 0.59,  p  < 0.01). In contrast, as shown in  Fig. 4C , when 
the relationship between percent changes in PCSK9 levels 
and percent changes in serum TG was examined, it was 
observed that percent changes in PCSK9 were signifi cantly 
positively correlated with percent changes in serum TG 
( r  = 0.60,  p  < 0.01). Additional analyses of these data shown 
in  Fig. 4  revealed that the patient who had the paradoxical 
97% increase in triglycerides corresponded to the point 
located at the far right of  Fig. 4C . This point corresponds 
to the point in  Fig. 4B  showing a 0% increase in HDL-C. In 
contrast, in  Fig. 4B , the patient indicated by the point at 
the far right who had a 144% increase in HDL-C had a 
76% reduction in triglycerides and is indicated by the far-
thest left point in  Fig. 4C . Thus, the patient who had the 
largest increase in HDL-C also had the greatest reduction 
in triglycerides. 

 After performing these analyses, we next examined the 
correlation of baseline PCSK9 levels with fenofi brate-
induced percentage changes in triglycerides, LDL-C, and 
HDL-C in the fenofi brate-treated patients. There was little 
correlation between baseline PCSK9 levels and fenofi brate-
induced changes in serum triglycerides ( r  =  � 0.05,  p  = 
0.80). Interestingly, there was a negative correlation be-
tween baseline PCSK9 levels and fenofi brate-induced 
changes in LDL-C ( r  =  � 0.27,  p  = 0.26), although this cor-
relation did not achieve statistical signifi cance. Likewise, 
there was a negative correlation between baseline PCSK9 
levels and fenofi brate-induced changes in HDL-C ( r  = 
 � 0.29,  p  = 0.22), although similar to what was observed 
for LDL-C, this correlation did not achieve statistical 
signifi cance. 

 DISCUSSION 

 The above results demonstrate that fenofi brate treat-
ment (200 mg per day) signifi cantly increases circulating 
PCSK9 protein levels in humans while at the same time 
raising serum HDL-C levels. Interestingly, increases in 
PCSK9 in fenofi brate-treated patients were negatively sig-
nifi cantly correlated with changes in LDL-C and HDL-C 
and positively signifi cantly correlated with changes in tri-
glycerides. Recent confl icting observations concerning the 
effect of fi brates on hepatocyte PCSK9 synthesis and secre-
tion make these quantitative results obtained at the pro-
tein level in actual human patients treated with fenofi brate 
particularly important ( 32–34 ). 

 Previously, Mayne et al. ( 32 ) reported that fi brates in-
creased human serum PCSK9 levels by 17%; however, all 
of the PCSK9 analyses in this study were performed by im-
munoprecipitation and Western blotting, which is a quali-
tative rather than a quantitative technique. In addition, 

  Fig.   4.  Relationship of fenofi brate-induced percent changes in 
serum PCSK9 levels compared with percent changes in LDL-C, 
HDL-C, and triglyceride levels. A: Percentage changes in serum 
PCSK9 levels from baseline to endpoint in patients receiving feno-
fi brate (200 mg per day) for 12 weeks were correlated with percent-
age changes in serum LDL-C levels. Percent changes in PCSK9 
levels were negatively signifi cantly correlated with percent changes 
in LDL-C levels. ( r  =  � 0.48,  p  = 0.03). B: Percentage changes in se-
rum PCSK9 levels from baseline to endpoint in patients receiving 
fenofi brate (200 mg per day) for 12 weeks were correlated with 
percentage changes in serum HDL-C levels. Percent changes in 
PCSK9 levels were negatively signifi cantly correlated with percent 
changes in HDL-C levels. ( r  =  � 0.59,  p  < 0.01). C: Percentage 
changes in serum PCSK9 levels from baseline to endpoint in pa-
tients receiving fenofi brate (200 mg per day) for 12 weeks were 
correlated with percentage changes in serum triglyceride levels. 
Percent changes in PCSK9 levels were positively signifi cantly cor-
related with percent changes in triglyceride levels. ( r  = 0.60,  p  < 
0.01).   
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ternatively, in light of the multiple pleiotropic effects of 
fenofi brate ( 37 ), it may also be possible that fenofi brate 
exerts a direct effect within hepatocytes to stimulate in-
creased PCSK9 synthesis and secretion. 

 Whatever the exact mechanism may be, it is clear from 
our data that fenofi brate treatment increases circulating 
PCSK9 levels. These data may explain why the addition of 
fenofi brate to statin therapy may not result in as much ad-
ditional LDL lowering as might otherwise be anticipated. 
In other words, the combined effect of a statin-fenofi brate 
combination on LDL-C lowering may be modestly additive 
in spite of the observed opposing effects on PCSK9 levels 
for both statins and fenofi brate. To further investigate the 
combined effects of fenofi brate with statins, it will be im-
portant to analyze samples from patients treated with both 
compounds to see if the increase in PCSK9 levels is addi-
tive or synergistic. Unfortunately, our clinical trial did not 
include any dose arms in which patients were treated with 
both fenofi brate and atorvastatin; thus, we did not have 
the ability to analyze the combined effect of these agents 
on PCSK9 levels. Therefore, testing of this hypothesis will 
have to await future studies in which PCSK9 levels can be 
measured in patients treated with a statin-fi brate combina-
tion. Our current study does suggest, however, that addi-
tion of a PCSK9 inhibitor to fi brate therapy presents the 
possibility of further improving the anti-hyperlipidemic ef-
fect of fi brates.  

 The authors thank Dr. Kathy Landschulz and Jayne Talbot for 
their support. 
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