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KEYWORDS: BACKGROUND: The association between proprotein convertase subtilisin/kexin type 9 (PCSK9), a
PCSKO9; critical regulator of low-density lipoprotein (LDL) metabolism, and kidney function is a matter of
LDL cholesterol; debate.

Triglycerides; OBJECTIVE: We aimed to assess the association of circulating PCSK9 concentrations with both
Chronic kidney disease; glomerular filtration rate (¢GFR) and serum lipid parameters in nondiabetic patients with chronic kid-
eGFR ney disease (CKD).

METHODS: Fasting plasma PCSK9 concentrations were measured by ELISA in 94 nondiabetic non-
dialysis CKD (ND-CKD) patients not receiving statins, at different stages of CKD.

RESULTS: Plasma PCSK9 levels were associated neither to eGFR (P = .770) nor to proteinuria
(P = .888) at several stages of CKD. In addition, plasma PCSK9 levels did not vary significantly be-
tween the different CKD stages. Plasma PCSK9 concentrations were positively correlated with apoli-
poprotein B (r = 0.221; P = .03) and triglycerides (r = 0.211; P = .04) but not with total cholesterol,
calculated LDL-cholesterol, HDL cholesterol, lipoprotein(a), or CRP.
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CONCLUSION: In a homogeneous population of nondiabetic subjects without lipid-lowering ther-
apy, plasma PCSK9 concentrations are not associated to eGFR at several stages of CKD. These data
suggest that kidney function per se does not impact significantly PCSK9 metabolism.

Introduction

Cardiovascular (CV) risk increases during the course of
chronic kidney disease (CKD) and is further enhanced
during renal replacement therapy.'~ However, traditional
risk factors such as hypertension, high low-density lipopro-
tein (LDL) cholesterol (LDL-C) levels, low high-density li-
poprotein (HDL) cholesterol (HDL-C) levels, or smoking
do not fully explain this elevated CV risk and a constella-
tion of nontraditional risk factors including inflammation,
oxidative stress, bone, and mineral disorders has
emerged.”” Uremia-related dyslipidemia is characterized
by progressive qualitative and quantitative changes in lipid
homeostasis, abnormalities in circulating lipoprotein
composition, and metabolism impairment. During the
course of CKD, a rise in triglycerides (TG) and very low-
density lipoprotein-cholesterol (VLDL-C) is observed,
whereas HDL-C decreases. LDL-C remains normal or
slightly decreases. However, qualitative modifications of
LDL occur resulting in an accumulation of small-dense
LDL.° Similarly, lipoprotein(a) [Lp(a)] is dramatically
increased, being considered as an independent risk factor.
The underlying mechanism of CKD-associated dyslipide-
mia is not fully understood, and nontraditional risk factors
such as inflammation, insulin resistance, altered adipokines
levels, or medications could be confounding factors. How-
ever, this large interplay between traditional and nontradi-
tional risk factors may partly explain the relative
inefficiency of statin therapy in CKD population.

Recently, proprotein convertase subtilisin/kexin type 9
(PCSK9), which promotes the degradation of LDL receptor
(LDLR) by inhibiting its recycling to the plasma mem-
brane, has emerged as a major regulator of lipid meta-
bolism.” Indeed, the mutations of PCSK9 gene resulting in
a gain-of-function are associated with autosomal dominant
hypercholesterolemia, whereas loss-of-function PCSK9
mutations are related to low LDL-C levels® and low inci-
dence of coronary events.” After the development of human
monoclonal antibodies directed against PCSK9 (PCSK9
mAb), large meta-analysis demonstrated that PCSK9
mAb administration could dramatically decrease LDL-
C'"'" and also Lp(a) levels.'” Recently, it has been sug-
gested that hypercholesterolemia observed in nephrotic
syndrome or in end-stage kidney disease (ESKD) patients
treated with peritoneal dialysis could be related to an in-
crease in PCSK9."*"'° However, levels of PCSK9 during
the course of CKD yielded conflicting results. Rogacev
et al.'® analyzed the data of two large cohorts of patients

from stage 2 to 4, the CARE FOR HOMe and the LURIC
cohorts and reported that PCSK9 level did not correlate
with estimated glomerular filtration rate (eGFR). On the
other hand, Abujrad et al.'” showed that LDL-C and
PCSKO levels were significantly decreased in hemodialysis
(HD) patients with a positive correlation between the two
parameters. Finally, Konarzewski et al. reported increased
PCSKO levels in CKD patients with an inverse correlation
between plasma PCSK9 concentrations and eGFR.'®
Because statin use and diabetes could influence PCSK9
levels,l() 22 we decided to assess plasma PCSKO9 levels in
a population of nondiabetic nondialysis CKD (ND-CKD)
patients not receiving statins, at different stages of CKD,
except patients on hemodialysis.

Material and methods

Ethics statement

The study was conducted according to the principles of
the Declaration of Helsinki and in compliance with Inter-
national Conference on Harmonization/Good Clinical Prac-
tice regulations. According to the French Law, the study
has been registered at “Ministere de la Santé et des
Solidarités” after approval by the Montpellier University
Hospital’s ethics committee (Comité de Protection des
Personnes Sud Méditerranée IV) with the following number
DC-2008-417. All patients gave their written informed
consent.

Subjects

Ninety four nondialysis CKD patients (namely 'ND-
CKD') at various stages of kidney disease, issued from the
outpatient general nephrology consultation of the Mont-
pellier Lapeyronie university hospital were enrolled in this
cross-sectional  study. Inclusion criteria were age
=18 years, and presence of CKD defined by glomerular
filtration rate (GFR) in agreement with the National Kidney
Foundation”** as either kidney damage or GFR <60 mL/
min/1.73 m? for =3 months. Kidney damage was defined as
pathologic abnormalities or markers of damage, including
abnormalities in blood or urine tests or imaging studies.
ND-CKD patients with diabetes and/or on statin therapy
were excluded from the study. Blood and urine samples
were collected as part of our regular CKD patient follow-
up after a 12-hour fasting.



For all subjects, medical history including age, gender,
body weight, height, etiology of CKD, diabetes mellitus,
hypertension, and treatments was recorded.

Laboratory measurements

Blood samples were centrifuged, and supernatant was
stored at —80°C for processing of creatinine, TC, HDL-C,
TG, Lp(a), apolipoprotein B (apoB), and PCSKO9. In
addition, measurement of proteins on a sample of urine
collected over 24 hours was performed in ND-CKD patients.

Creatinine was measured by ID-MS traceable enzymatic
method on a Cobas ¢502 apparatus (Roche Diagnostics,
Mannheim Germany),”” and GFR was estimated using
CKD-EPI equation.”® Use of ID-MS traceable enzymatic
creatinine assay and CKD-EPI equation allows eGFR deter-
mination up to 90 mL/min/1.73 m? *" or 120 mL/min/
1.73 m? 28 TC, HDL-C, and TG levels were measured by
enzymatic colorimetric method (Roche Diagnostics,
France). LDL cholesterol (LDL-C) was calculated by the
Friedewald equation. Patients with plasma TG
=45 mmol/L were excluded. Lp(a) and apo-B were
analyzed by immunoturbidimetric assay (Roche Diagnos-
tics, France). Urinary proteins were assessed by turbidim-
etry method (Roche Diagnostics, France). Plasma PCSK9
was determined by enzyme-linked immunosorbent assay
(Circulex CY-8079, CycLex Co, Nagano, Japan).

Statistical methods

Characteristics of the population were described by
using proportions for categorical variables and median
and range for quantitative variables because their distribu-
tions were tested with the Shapiro-Wilk statistic and were
mostly skewed.

Chi-square test was used to test the association between
two categorical variables.

The comparisons of variables between groups were
performed using nonparametric Kruskal Wallis and
Mann-Whitney U tests.

Simple regression analysis and the Spearman correlation
coefficient (r) were used to determine the relationships
between quantitative variables.

Significance was set at P < .05. All analyses were car-
ried out with Statview software, version 5.0 (SAS Institute
Inc, Cary, NC).

Results

Characteristics of CKD patients

Clinical and biological characteristics for the patients
are summarized in Table 1. The main etiology for CKD was
nephroangiosclerosis (=50%) following by glomerulone-
phritis and cystic renal disease. Owing to the exclusion

Table 1 Characteristics for ND-CKD patients
Parameter ND-CKD
N 94

Gender, male (%)
Age (years)
BMI (kg/m?)
Etiology of CKD (%)
Angiosclerosis and
hypertensive nephropathy
Glomerulonephritis
Cystic renal disease
Interstitial nephropathy 3 (3.2%)
Other cause 17 (18.1%)
Diabetes mellitus (%) 0
Hypertension (%) 81 (86.2%)
Albumin (g/L) 41.8 (27.4-58.0)
C-reactive protein (g/L) 2.2 (0.3-56.1)

ND-CKD, non-dialysis chronic kidney disease; LDL, low-density
lipoprotein; HDL, high-density lipoprotein.

53 (56.4%)
69 (25-95)
24.9 (14.3-35.7)

43 (45.7%)

16 (17.0%)
15 (16.0%)

criteria, there was no case of diabetic glomerulosclerosis
in ND-CKD patients. Plasma albumin levels were in the
normal range, excluding nephrotic syndrome.

Plasma PCSK9 is neither associated to eGFR nor
to proteinuria at several stages of CKD

As depicted in Figure 1, no correlation between plasma
PCSKO9 and both (A) eGFR (CKD-EPI; PCSK9 = 390.791
+ 0.211 X eGFR; R2 = 0.001; P = .770) and (B) protein-
uria (PCSK9 = 388.415 + 40.76 X urinary proteins
(g/24 h); R2 = 0.012; P = .888) was observed in ND-
CKD patients.

Plasma PCSK9 concentrations do not vary at
different stages of CKD

Figure 2 depicts plasma levels of PCSK9 and lipid pa-
rameters in ND-CKD after splitting the group according
to CKD stages (eGFR =60 vs [60-30] vs [30-15] vs
=15 mL/min). No significant changes in plasma PCSK9
as well as other lipid variables (TC, LDL-C, HDL-C, TG,
and Lp(a)) were observed, reinforcing the absence of a
link between PCSK9 metabolism and CKD.

Plasma PCSK9 is positively correlated with apo-B
and triglycerides in ND-CKD patients

Associations between plasma PCSK9 and lipid param-
eters in ND-CKD patients are listed in Table 2. A signifi-
cant positive correlation was established between PCSK9
and both TG (tho = 0.211; P = .04) and apo-B
(tho = 0.221; P = .03). In addition, there were some non-
statistically significant trends for positive correlations be-
tween PCSK9 and TC (rho = 0.187; P = .07), LDL-C
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Figure 1 Plasma PCSK9 concentration is neither associated to
eGFR (A) nor to proteinuria (B) at several stages of CKD.
(A) Correlations between PCSK9 and eGFR (CKD-EPI; PCSK9
(ng/mL) = 390.791 + 0.211 X eGFR (mL/min/1.73 m?);
R2 = 0.001; P = .770). (B) Correlations between PCSK9 and
urinary proteins (g/24h) (PCSK9 (ng/mL) = 388.415 + 40.76 X
urinary proteins (g/24h); R2 = 0.012; P = .888).

(tho = 0.186; P = .08), and non-HDL-C (rho = 0.192;
P = .06). In contrast, there was no trend for a relationship
between PCSK9 and HDL-C or Lp(a).

Discussion

Our study clearly demonstrates that circulating PCSK9
levels are not influenced by the course of CKD in
nondiabetic patients not receiving statins and without
nephrotic proteinuria.

The lack of relationship observed here between PCSK9
and eGFR is in line with recent data reported by Rogacev
et al.'® from the CARE FOR HOMe and LURIC large
(>1500 patients) cohort studies. By contrast to our popu-
lation, which only includes patients not receiving statins,
49% and 44% of patients in CARE FOR HOMe and LU-
RIC studies respectively were under statin therapy. How-
ever, sensitivity analyses taking into account statin
intake did not modify the results in these two cohorts.'®
As statin treatment increases PCSK9 level via a

stimulation of sterol response element binding protein-2
in the general population,”” use of statin is therefore an
important confounder in the previous smaller studies. In
the same way, increased PCSK9 levels have been reported
in patients with diabetes and/or insulin resistance.”'”* To
specifically address the effect of eGFR on plasma PCSK9
concentration, diabetic patients were carefully excluded
from our study, whereas the previous studies included
ones (around 40% of the participants) as well.'® Finally,
no nephrotic proteinuria was observed in our predialysis
patients. This metabolic disorder is associated with a dra-
matic increase in PCSK9 as shown in proteinuric patients
and in experimental nephrotic syndrome.'*’’ Very
recently, it has been suggested that PCSK9 could be an
important contributor to the nephrotic syndrome-
associated hypercholesterolemia.'” Indeed, both global
and liver-specific PCSK9 knockout mice exhibit reduced
hypercholesterolemia and hypertriglyceridemia following
experimentally induced nephrotic syndrome.'” To summa-
rize, in our population of stage 1-5 CKD patients, a rela-
tively small but homogeneous population due to the
absence of main confounders (statin use, diabetes, or
nephrotic proteinuria), we confirmed the lack of signifi-
cant relationship between plasma PCSK9 levels and
eGFR.

In contrast to what observed in non-CKD cohorts,y
the classical positive association between PCSK9 and
LDL-C failed to reach statistical significance in CKD pa-
tients, despite a strong trend (P = .08). On the other
hand, significant positive relationships between PCSK9
and both TG and apo-B were observed in ND-CKD.
This finding is in agreement with the report from Abujrad
et al. in HD patients.'” As TG constitutes the main
component of apo-B-VLDL particles, this metabolic
pattern may be due to an increase in VLDL particles pre-
viously described in CKD. In addition, some evidence in
mice’*? and human™~* support the hypothesis that
PCSK9 can modulate hepatic apo-B production under
certain pathophysiological circumstances. Very recently,
Sucajtys-Szulc et al. demonstrated in a rat model of
CKD that chronic renal failure enhanced hepatic expres-
sion PCSK9, possibly through an HNF1 signaling
pathway, as well as an increase of lipogenic enzymes,
apo-B, and microsomal triglyceride transfer protein
mRNA expression.”” In this rat CKD model, a clear pos-
itive correlation was found between circulating PCSK9
and TG concentrations (r = 0.62, P < .Ol).3 3 Altogether,
these data support the hypothesis that PCSK9 could
contribute to the increased apo-B production observed
in CKD. Alternatively, PCSK9 could also impair the
clearance of TG-rich lipoproteins, a characteristic feature
also observed in a previous in vivo lipoprotein kinetics
study performed in CKD subjects,” at least by down
regulating the LDLR in the liver.”’

One limitation of our study is the relatively small
number of subjects that could have limit the statistical
power to detect some significant association (between
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Figure 2 Plasma PCSK9 and lipid parameters concentrations in ND-CKD patients not receiving statins. ND, not on dialysis.

PCSK9 and LDL-C for instance). Moreover, the sample In conclusion, plasma PCSKO is not associated to eGFR
size of ND-CKD patients with ESKD (with at several stages of CKD in nondiabetic patients without
eGFR = 15 mL/min) is small, and an additional larger nephrotic proteinuria and without statin treatment. Howev-
study is warranted to further investigate the function of er, PCSK9 could be involved in TG-rich lipoprotein
PCSKO in this specific population (including patients under dysmetabolism observed in CKD. Further studies are

hemodialysis). necessary to confirm this hypothesis and to evaluate the



Table 2 Associations between PCSK9 and lipid parameters in
nondialysis chronic kidney disease patients (n = 94)

PCSK9 (ng/mL)

Correlation

Variables coefficient (rho) P value
Total cholesterol (mmol/L) 0.187 .0707
LDL cholesterol (mmol/L) 0.186 .0751
Non-HDL cholesterol (mmol/L) 0.192 .0637
Apo-B (g/L) 0.221 .0331
HDL cholesterol (mmol/L) —0.048 .6440
Triglycerides (mmol/L) 0.211 .0416
Triglycerides/HDL cholesterol 0.187 .0716
Lp(a) (g/L) 0.108 .3023

Bold values are statistically significant.
LDL, low-density lipoprotein; HDL, high-density lipoprotein.

potential interest of anti-PCSK9 treatment in uremia-
related dyslipidemia.
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