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ABSTRACT

Rationale: Monocytes are important contributors to atherosclerosis. Recent studies revealed 
direct effects of lipids on monocytes’ migratory capacity, suggesting that lipid lowering 
may reverse this effect. Here, we assessed monocyte phenotype in function in patients with 
familial hypercholesterolemia (FH) compared with controls. In a subset of FH patients we 
subsequently evaluated the effect on monocytes of proprotein convertase subtilisin/kexin 
type 9 (PCSK9) monoclonal antibodies, which selectively reduce low density lipoprotein 
cholesterol (LDL-c).

Methods and Results: We assessed monocyte phenotype and function using flow 
cytometry and a trans-endothelial migration (TEM) assay in FH patients (n=15, mean 
LDL-c 6.2±1.7 mmol/L) and healthy controls (n=11, mean LDL-c 2.4±0.7 mmol/L). 
Monocyte chemokine receptor (CCR) 2 expression was approximately 3-fold higher in FH 
patients compared with controls, and correlated significantly with plasma LDL–c levels 
(r=0.621).  Moreover, monocytes from FH patients showed enhanced migratory capacity 
ex vivo and CCR2 expression positively associated with intracellular lipid accumulation.  
In a subset of FH patients (n=10), we assessed the effect of 24 weeks of PCSK9 inhibition 
(alirocumab) on monocyte phenotype. LDL-c was reduced, with concomitant reductions 
in monocyte CCR2 expression and intracellular lipid content, without affecting CRP levels. 
Treatment with PCSK9 inhibition (alirocumab) on monocyte phenotype. LDL-c was reduced, 
with concomitant reductions also reduced monocyte inflammatory responsiveness, with 
lower tumor necrosis factor production following lipopolysaccharide challenge. 

Conclusion: Monocytes of FH patients have a pro-inflammatory phenotype, which is 
dampened by LDL-c lowering via PCSK9 inhibition (alirocumab), independent of CRP lowering. 
LDL-c lowering was paralleled by reduced monocyte intracellular lipid content, suggesting that 
LDL-c lowering itself is associated with anti-inflammatory effects on circulating monocytes.
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INTRODUCTION

A unifying view of atherosclerotic cardiovascular (CV) disease posits that inflammation has a 
key role in its pathogenesis and transduces the effects of many known CV risk factors, including 
low-density-lipoprotein cholesterol (LDL-c). The study of systemic inflammatory biomarkers, 
such as C-reactive protein (CRP), has supported this concept, yet not without controversy.1 For 
instance, the CV benefit conveyed by statin therapy is independently associated with both 
LDL-c and C-reactive protein (CRP) lowering.2-4 However, Mendelian randomization studies 
have not supported a causal role of CRP in atherogenesis5.

To further dissect the lipid-inflammation interaction, past years focus has shited towards more 
cell-specific studies6,7, with a predominant role for monocytes8-14. The advent of proprotein 
convertase subtilisin/kexin type 9 (PCSK9) monoclonal antibodies (mAb) enables the study 
of specific LDL-c lowering on monocytes in patients. Via antibody-mediated scavenging of 
the free PCSK9 protein, PCSK9 inhibition results in increased hepatic LDL-receptor (LDLR) 
expression.15 Consequently, PCSK9 antibodies can provide a mean LDL-c reduction of up to 
60%,16–18 without affecting CRP levels.19 

In this proof-of-concept study, we first assessed the impact of elevated LDL-c levels on 
monocyte phenotype and function in patients with familial hypercholesterolemia (FH) 
not using statins versus normolipidemic control subjects. Subsequently, we assessed the 
impact of PCSK9 inhibition (via alirocumab) in FH patients on monocytes, compared to 
a reference group of FH patients on stable statin dose for at least 6 months. Overall, these 
studies demonstrate that selective lowering of LDL-c with PCSK9 inhibition reduces the pro-
inflammatory profile of circulating monocytes.

METHODS

Patient selection

This single-center study comprised four groups: 

1. Age- and gender-matched healthy controls (n=11).
2. Patients with definite or probable FH20 (n=15) not receiving statin therapy.
3. A subset of the FH patients (n=10), in whom we assessed the effect of 24-weeks of 

treatment with PCSK9 mAb alirocumab in a single-center substudy of the ODYSSEY 
CHOICE II (NCT02023879). In this trial patients with hypercholesterolemia not receiving 
a statin were randomized to alirocumab (150 mg every 4 weeks [Q4W] or 75 mg 
every 2 weeks [Q2W]), or placebo. After study completion, patients were offered the 
opportunity to enter an open-label extension (OLE) receiving alirocumab 150 mg 
Q4W. Considering the planned randomization rate (Supplemental methods), for this 
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proof-of-concept study placebo samples (n=3) were not analyzed. All analyses were 
performed after 24 weeks of active treatment (either during the double blind period or 
in OLE).  All measurements were performed at the AMC, except for lipids, which were 
determined in the ODYSSEY CHOICE II study. 

4. Age- and gender-matched FH patients (n=11) on stable (at least 24 weeks) statin 
therapy, for comparison of treatment effects.

Exclusion criteria were a history CVD in the past 12 months, infection or diabetes. The study 
protocol was approved by the institutional review board of the Academic Medical Center 
in Amsterdam, The Netherlands, and written informed consent was obtained from each 
participant.

Baseline data collection 

Subjects visited the hospital after an overnight fast for physical examination, medical history 
recording and blood withdrawal. Lipid levels, CRP, creatitin, leukocyte count and differentiation 
were determined using standard laboratory procedures. 

Flow cytometry

After removing red blood cells, white blood cells were stained with antibodies for various 
surface markers (Table S1). Fluorescence was measured with BD Canto II and analyzed with 
FlowJo software version 7.6.5. (FlowJo, LLC, Ashland, OR). Monocytes were gated based on 
CD14, CD16, and HLA-DR expression.21 Monocyte area was gated by forward/side scatter, 
CD14+ and/or CD16+ cells were gated, and HLA-DR positive cells were considered monocytes, 
which were divided into classical (CD14++/CD16-), intermediate (CD14++/CD16+), or non-
classical (CD14dim/CD16+).The expression of surface markers was calculated as delta (Δ) 
median fluorescence imaging (MFI) (ΔMFI= MFI surface staining – MFI isotype control).

Monocyte characterization

Mononuclear cells were isolated through density centrifugation using Lymphoprep™ (Axis-
Shield, Dundee, Scotland) and isolated using human CD14 magnetic beads and MACS® cell 
separation columns (Miltenyi, Bergisch Gladbach, Germany). Migration assays: To functionally 
assess adhesive and migratory capacity, a trans-endothelial migration (TEM) assay was 
performed8, outlined in the supplement. To investigate whether migration was mediated 
by MCP-1, we performed representative chemotaxis assays, detailed in the Supplemental 
material. Lipid accumulation: Monocytes were added to fibronectin (FN; 30 μg/mL) coated 
glass slides (0.5*106/mL), incubated for 1 hour (37°C, 5% CO

2
), fixed with 4% formaldehyde 

, permeabilized with 0.1% Triton-X100 and incubated with the lipid dye Nile Red (1 μg/mL; 
N3013-100MG, Sigma Aldrich, Zwijndrecht, The Netherlands), after which cells were mounted 
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(Dako, Heverlee, Belgium). Quantification of lipid droplets was performed on a Leica TCS 
SP8 Confocal laser scanning microscope, assessing total number of monocytes with lipid 
droplets, and number of lipid droplets per monocyte, in 6–10 field of views (FOVs). To study 
interdependency of CCR2 expression and lipid accumulation, CCR2high

 
monocytes were 

sorted by flow cytometry (Supplemental methods), plated and stained with Nile Red. For 
representative images, co-immunohistochemistry with Nile Red and CCR2 was performed 
(Supplemental material).

RNA isolation and quantitative PCR analysis

RNA was isolated with High Pure RNA Isolation kits (Roche, Basel, Switzerland) from 500,000 
cells. 400 ng of RNA was used for cDNA synthesis with iScript (BioRad, Veenendaal, The 
Netherlands). qPCR was performed with 4 ng cDNA using Sybr Green Fast on a ViiA7 PCR 
machine (Applied Biosystems, Bleiswijk, The Netherlands). Gene expression  was normalized 
to the mean of two housekeeping genes (B2M , GAPDH) (all primer sequences outlined in 
Table S2). 

Ex vivo lipopolysaccharide (LPS) challenge for cytokine production

Cells were untreated or stimulated with 10 ng/mL LPS in triplo (Supplemental material). After 
24 h, the medium was stored at –80°C. Production of cytokines was measured in a panel 
consisting of  TNF and interleukin (IL)-10 using luminex (Bioplex, BioRad, Veenendaal, The 
Netherlands).  

Statistical analysis

Data are mean (standard deviation), median (inter-quartile range) or number (percentage), 
unless stated otherwise. Differences in clinical characteristics and monocyte phenotype and 
function between FH patients and controls were assessed with student T-tests or Mann-
Whitney U tests. Correlations were assessed using univariate linear regression. Data pre- and 
post-alirocumab combined with stable statin users were assessed with a one-way ANOVA 
using a dunnett post-hoc test.  A two-way ANOVA with bonferroni post-hoc analysis was 
performed for all flow cytometry analysis. A 2-sided P-value<0.05 was considered statistically 
significant. Data were analyzed using Prism version 5.0 (GraphPad software, La Jolla, California) 
or SPSS version 22.0 (SPSS Inc., Chicago, Illinois). 
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RESULTS

Study population

Characteristics of 15 FH patients not using statins and 11 control subjects are listed in Table 1. 
FH patients had higher cholesterol levels and body mass index (BMI), and more frequent history 
of CVD. CRP levels were comparable between control subjects and FH patients (0.85 [0.58–1.4] 
versus 0.96 [0.4–1.5] mg/dl respectively, P=0.504). Disease specifications and medication use are 
outlined in Table S3. 

Table 1. Characteristics of control subjects and FH patients 

Control  
n= 11

FH (no statin) 
n= 15

P-value

Age, years 48 ± 11 52 ± 14 0.452

Gender, n, male (%) 6 (55) 9 (64) 0.781

BMI, kg/m2 23 ± 2 27 ± 4 0.003

Smoking, (% active) 0 (0) 1 (7) 0.366

CVD history, (%) 0 (0) 7 (50) 0.006

SBP, mmHg 124 ± 14 136 ± 13 0.118

DBP, mmHg 79 ± 5 81 ± 11 0.692

CRP, mg/L 0.85 [0.58–1.4] 0.96 [0.4–1.5] 1.000

Total cholesterol, mmol/L 4.8 ± 0.9 9.2 ± 1.9 <0.001

LDL-c, mmol/L 2.6 ± 0.8 7.1 ± 1.6 <0.001

HDL-c, mmol/L 1.9 ± 0.4 1.6 ± 0.8 0.159

Triglycerides, mmol/L 0.68 [0.57–0.96] 1.6 [1.0–2.3] 0.036

Lp(a), mg/dL 6 [5–44] 17 [5–108] 0.299

Leukocytes, 109/L 5.1 ± 1.0 5.5 ± 1.1 0.339

Neutrofils, 109/L 2.8 ± 0.8 3.4 ± 0.9 0.094

Lymphocytes, 109/L 1.6 ± 0.4 1.6 ± 0.3 0.830

Monocytes, 109/L 0.4 ± 0.1 0.4 ± 0.1 0.652

Values are n (%), mean±SD or median [IQR,] for skewed data. BMI indicates body mass index; CRP, c-reactive protein; 
CVD, cardiovascular disease; DBP, diastolic blood pressure; FH, familial hypercholesterolemia; HDL-c, high density lipoprotein 
cholesterol; IQR, inter-quartile range; LDL-c, low density lipoprotein cholesterol; Lp(a), lipoprotein (a); SBP, systolic blood 
pressure, SD, standard deviation.

Increased CCR2 expression and migratory capacity of monocytes

Monocytes were gated based on their CD14 and CD16 expression (Figure 1A). Subset 
distribution was comparable between FH patients and control subjects (Figure 1B). Monocyte 
CCR2 expression was induced on classical monocytes in FH patients (ΔMFI 558±209 versus 
189±97, P<0.001) (Figure 1C-D), with concurrent increases in the chemokine receptor CX3CR1, 
and integrins CD11b, CD18 and CD29 (Figure S1). LDL-c levels correlated with monocyte CCR2 
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expression in FH patients (r=0.621, P=0.042) (Figure 1E). As CCR2 is involved in monocyte 
recruitment,10 we assessed trans-endothelial migration (TEM) rate of monocytes in an additional 
group of FH patients and control subjects (n=7 for each group, Table S4). We found a 1.5-fold 
increase in monocyte migration in FH patients compared with control subjects (number of 
transmigrated cells/mm2: FH 91±25, control 57±13; P=0.008) (Figure 1F). In chemotaxis assays 
(n=3) monocytes of an FH subject showed strong directional movement towards MCP-1, the 
ligand for CCR2, whereas monocytes of a control subject showed non-directional, random 
migration (Supplemental Video, Figure S4). 

FIGURE 1. Monocytes of FH patients show enhanced CCR2 expression and migratory capacity 

Flow cytometry on whole blood was performed to study monocyte surface expression. (A) CD14+ and/or CD16+ 
cells were gated, and only HLA-DR positive cells were considered to be monocytes.  (B) Percentage of monocyte 
subsets (classical (CD14++/CD16-), intermediate (CD14++/CD16+), or non-classical (CD14dim/CD16+)) in FH patients 
(n=15) versus controls (n=11). (C) Surface expression of monocyte CCR2 represented as delta median fluorescence 
intensity. (D) Histogram of CCR2 expression in classical monocytes of an FH patient (solid, black) or controls (dashed, 
black) with isotype controls (gray). (E) Correlation between plasma LDL-c levels and CCR2 surface expression of 
FH patients (F) Trans-endothelial migratory capacity presented as the transmigrated cells/mm2. For each subject, 
transmigrated cells are calculated of independent counts of five frames of view.  Data represent mean ± SEM *P<0.05; 
**P<0.01; ***P<0.001. APC indicates allophycocyanin; CCR, chemokine receptor; FH, familial hypercholesterolemia; LDL-c, 
low-density lipoprotein cholesterol; SEM, standard error of the mean. 
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Enhanced lipid accumulation in monocytes

We assessed monocyte intracellular lipid content with Nile red dye, and genes involved in 
lipid handling in FH patients and controls (in the TEM subset, n=7 for both groups, Table S4). 
FH patients with elevated LDL-c levels (7.8±1.9 mmol/L) had a higher fraction of lipid positive 
monocytes  (FH: 76±12% versus controls: 59±13%, P=0.03; Figure 2), with  increased numbers 
of lipid droplets per cell (8±1 in FH versus 5±2 in controls, P=0.02) (Figure 2A–D). Higher lipid 
content coincided with higher surface expression of CD36 on classical monocytes, and SRA on 
intermediate monocytes (Figure 2E–F). ABCA1 and ABCG1 were also upregulated (Figure 2G), 
most likely due to induction by lipids. Next, we assessed the interdependency of increased 
lipid content and CCR2 expression. FACS sorting revealed that CCR2high cells (MFI cutoff 3500) 
had a higher number of lipid droplets (CCR2high 33±3 versus CCR2intermediate/low 10±1, P<0.001) 
(Figure S2A–B). Visually, using immunocytochemistry, cells without lipid droplets had low 
levels of CCR2, whereas monocytes with high numbers of lipid droplets had higher CCR2 
expression (Figure S2C).
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FIGURE 2. Lipids accumulate in monocytes of FH patients

Lipid accumulation in FH patients (n=7) and control subjects (n=7) was assessed. (A,B) Neutral lipid droplets 
in green of isolated monocytes. (C) Quantification of lipid accumulation presented as the percentage of lipid 
positive cells (represented in A). (D) Number of lipid droplets per lipid positive monocytes (represented in B). (E,F) 
Surface expression of the scavenger receptors CD36 and SR-A assessed by flow cytometry.  Quantified as delta 
median fluorescence intensity. (G) mRNA expression, of cholesterol efflux genes ABCA1 and ABCG1, normalized 
to housekeeping genes (B2M,  GAPDH). Data represent mean ± SEM *P<0.05; **P<0.01; ***P<0.001. ABCA indicates 
ATP binding cassette transporter; B2M, beta-2-microglubilin; FH, familial hypercholesterolemia; GAPDH, glyceraldehyde 
3-phosphate dehydrogenase; NR, Nile Red; SEM, standard error of the mean; SR, scavenger receptor.
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PCSK9 mAb lowers LDL-c levels in FH patients

Ten FH patients not using statins participated in the substudy of the ODYSSEY CHOICE II 
(treatment allocation and dosing outlined in Table S5). For comparison, we simultaneously 
evaluated 11 FH patients using statins (Table 2 and Table S6). FH subjects receiving PSCK9 
mAb (alirocumab) had an adverse cardiovascular risk profile compared with statin-treated 
subjects, with higher BMI, SBP and triglycerides. Following alirocumab, LDL-c dropped 49% 
(±14%), from 5.8±1.3 mmol/L to 2.9±1.2 mmol/L (p=<0.001). Post-alirocumab levels were 
comparable with statin treated FH-patients (2.6±0.5; P=0.437 versus alirocumab). CRP was 
unaffected by alirocumab (pre-alirocumab: 1.2 [0.7–2.4] mg/ld., post-alirocumab: 1.2 [0.6–1.7] 
mg/ld., P=0.6). CRP levels in statin treated FH patients were 0.7 [0.2–1.2] mg/L, (P=0.134 versus 
post-alirocumab and 0.370 versus pre-alirocumab). Other pre- and post-treatment lipid levels 
are summarized in Table 2.  

TABLE 2. Characteristics of FH patients

FH, 
pre PCSK9 mAb

FH, 
post PCSK9 mAb

P-value
FH  

stable statin use
P-value 

(vs. untreated)

n=10 n=10 n=11

Age, years 54 ± 12 54 ± 12 na 53 ± 12 0.800

Gender, n, male (%) 6 (60) 6 (60) na 6 (55) 0.801

BMI, kg/m2 28 ± 5 29 ± 5 0.342 24 ± 3 0.020

Smoking (% active) 1 (10) 1 (10) na 2 (18) 0.329

CVD history 6 (60) 6 (60) na 2 (18) 0.028

SBP, mmHg 137 ± 11 134 ± 19 0.488 122 ± 14 0.015

DBP, mmHg 82 ± 10 80 ± 9 0.407 77 ± 8 0.241

CRP, mg/L 1.2 [0.7-2.4] 1.2 [0.6-1.7] 0.600 0.7 [0.2-1.2] 0.370

Total cholesterol, mmol/L 8.1 ± 1.2 5.1 ± 1.4 <0.001 4.8 ± 0.8 <0.001

LDL-c, mmol/L 5.8 ± 1.3 2.9 ± 1.2 <0.001 2.6 ± 0.5 <0.001

HDL-c, mmol/L 1.5 ± 0.6 1.4 ± 0.5 0.645 1.6 ± 0.6 0.581

Triglycerides, mmol/L 1.7 [1.3–2.7] 1.5 [0.9–2.4] 0.069 0.9 [0.6–1.2] 0.005

Lp(a), mg/dL 9 [5–113] 12 [5.7–87.7] 0.753 26 [10–93] 1.000

Leukocytes, 109/L 6.0±0.8 6.0 ± 0.5 0.864 5.6 ± 1.8 0.534

Neutrofils, 109/L 3.7 ± 0.6 3.7 ± 0.8 0.869 3.0 ± 1.3 0.120

Lymphocytes, 109/L 1.7 ± 0.3 1.7 ± 0.4 0.949 2.0 ± 0.7 0.158

Monocytes, 109/L 0.4 ± 0.1 0.5 ± 0.1 0.673 0.5 ± 0.2 0.224

Values are n (%), mean±SD or median [IQR,] for skewed data. BMI indicates body mass index; CRP, c-reactive protein; CVD, 
cardiovascular disease; DBP, diastolic blood pressure; FH, familial hypercholesterolemia; HDL-c, high density lipoprotein 
cholesterol; IQR, inter-quartile range; LDL-c, low density lipoprotein cholesterol; Lp(a), lipoprotein (a); na, not applicable; 
SBP, systolic blood pressure; SD, standard deviation.
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Lipid lowering by PCSK9 mAb reduces CCR2 expression and lipid 
accumulation 

Alirocumab did not affect monocyte subset distribution (Figure 3A), but resulted in a 60% 
reduction of monocyte CCR2 surface expression (ΔMFI: pre-alirocumab: 551±201, post-
alirocumab: 229±205, P<0.001), to levels comparable to those observed in FH patients using 
statins (ΔMFI, 274±256, P=non-significant versus post-alirocumab; P<0.001 versus pre-
alirocumab) (Figure 3B-C). We also found lower levels of intracellular lipid accumulation in 
alirocumab-treated FH patients (fraction of monocytes with lipid droplets post-treatment: 
50±16, P=0.005 versus FH-no statin, number of lipid droplets/monocyte: 5±2, P=0.01 versus FH-
no statin)(Figure 3D–E). Other chemokines and integrin’s showed non-significant declines upon 
treatment and were comparable with those in FH patients using statins (Figure S3). Although 
surface expression of CD36 and SR-A was unaffected by lipid lowering (Figure 3F–G), in line 
with lower lipid content, expression of ABCA1 and ABCG1 dropped to levels observed in control 
subjects (Figure 3H). Finally, in a representative experiment, alirocumab resulted in lower motility 
and migration distance of monocytes compared to an FH patient without statin or alirocumab 
(Supplemental Video and Figure S4).

FIGURE 3. PCSK9 inhibition reduces CCR2, lipid accumulation, and inflammatory cytokine production 
To assess the effect of lipid lowering of PCSK9 antibody, 10 FH patients were treated with alirocumab for 6 months. 
A group of stable statin users (n=11) was added as a reference. (A) Percentage of monocyte subsets, divided into 
classical, (CD14++/CD16-), intermediate (CD14++/CD16+), or non-classical (CD14dim/CD16+). (B) Surface expression 
of monocyte CCR2 represented as delta median fluorescence intensity. (C) Histogram of CCR2 expression in classical 
monocytes of an FH patient , pre-alirocumab(solid, black), FH patient, post-alirocumab (solid, light-gray) or stable 
statin (solid, dark –gray) with isotype controls (dashed lines). (D) Quantification of intracellular lipid accumulation 
using NR immunohistochemistry presented as the percentage of lipid positive cells. (E) Number of lipid droplets per 
lipid positive cell. (F,G) Expression of the scavenger receptors CD36 and SR-A assessed by flow cytometry, quantified 
as delta median fluorescence intensity. (H) mRNA expression of the cholesterol efflux genes ABCA1 and ABCG1, 
normalized to housekeeping genes (B2M, GAPDH). (I,J) Cytokine secretion of TNF and IL-10 by monocytes after 24 h 
of LPS stimulation measured by luminex. Data represent mean ± SEM *P<0.05; **P<0.01; ***P<0.001. ABCA indicates 
ATP binding cassette transporter; B2M, beta-2-microglubilin; CCR, chemokine receptor; FH, familial hypercholesterolemia; 
GAPDH, glyceraldehyde 3-phosphate dehydrogenase; IL-10, interleukin-10; LPS, lipopolysaccharide; NR, Nile Red; PCSK9, 
proprotein convertase subtilisin/kexin type 9; SEM, standard error of the mean; TNF, tumor necrosis factor. 
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FIGURE 3. Continued

PCSK9 mAb affects monocyte cytokine production

Upon entry into the arterial wall, production of (pro-inflammatory) cytokines contributes to 
plaque destabilization. To assess whether alirocumab affected the inflammatory response 
of monocytes we measured cytokine production following LPS stimulation. Alirocumab 
reduced production of TNF (pre-alirocumab: 896±593 pg/mL, post-alirocumab: 471±272 pg/
mL, P<0.01), whereas secretion of the anti-inflammatory IL-10 was enhanced (pre-alirocumab: 
950±624 pg/mL, post-alirocumab: 2097±772 pg/mL, P<0.001). Cytokine levels of monocytes 
from alirocumab treated patients were comparable to those observed in stable statin users 
(Figure 3I-J).
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DISCUSSION

We show that monocytes circulating in FH patients, not using statins, display pro-inflammatory 
and migratory changes, which coincide with an increase in cytoplasmic lipid droplets, 
implying a direct relation between intracellular lipid accumulation and inflammatory changes. 
Following 6 months of treatment with the PCSK9 mAb alirocumab, monocyte lipid content 
as well as pro-inflammatory phenotype decreased towards levels observed in FH patients 
using statins. These data imply an LDL-c mediated pro-inflammatory effect on circulating 
monocytes in patients with FH, which reverses upon LDL-c lowering by alirocumab. 

Circulating monocytes of FH patients have marked accumulation of lipids, which coincided 
with elevated CCR2 expression in FH patients. Previous in vitro data support the uptake of 
native LDL in monocytes eliciting increased CCR2 expression and monocyte chemotaxis.22 
The strong correlation between lipid accumulation and CCR2 expression observed in 
monocytes of FH patients implies a causal relation between cytoplasmatic lipid increase and 
pro-inflammatory changes. The functional relevance of these changes is substantiated by the 
marked increase in the endothelial migration rate ex vivo of monocytes obtained from FH 
patients. 

PCSK9 inhibition with alirocumab significantly reduced plasma LDL-c levels as well as lipid 
content in circulating monocytes. In conjunction, monocyte CCR2 expression reduced to 
levels comparable to those observed in FH patients using statins. In parallel, the response of 
circulating monocytes to an inflammatory challenge was also attenuated following alirocumab, 
illustrated by decreased TNF release with increased secretion of the anti-inflammatory cytokine 
IL-10. These data imply that decreased intracellular lipid accumulation leads to an attenuated 
inflammatory activity of the monocytes, which is independent of the mechanism by which 
LDL-c reduction is established. Interestingly, the anti-inflammatory changes in monocyte 
phenotype and responsiveness following alirocumab were not accompanied by a decrease 
in CRP levels. The reduction in CRP following statin therapy3,23 reflects a direct effect of statins 
in hepatocytes,24 which is not present following PCSK9 mAb administration.19 Whereas the 
clinical relevance of the absence of a CRP change remains to be established, recent studies 
have revealed that CRP is not a mediator but a marker for CVD risk.5,25 In parallel, the reduction 
in arterial inflammation following statin therapy is not correlated to statin-induced changes 
in CRP.26,27 Whether the reduction in immune cell activity following PCSK9 mAb will translate 
into decreased inflammatory activity in atherosclerotic lesions is currently being addressed in 
the ANITSCHKOW study (NCT02729025).

Several limitations merit attention. First, this was a proof-of-concept study without placebo 
comparison. However, since potent and selective LDL-c reduction was achieved in all subjects, 
this study for the first time allows us to address the impact of LDL-c lowering on cellular 
inflammation in patients not receiving statins. Second, although murine data is consistent, 
the role of CCR2 expression on monocytes in predicting CVD risk has not been established 
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prospectively in patients.10 Finally, it should be considered that  besides potentially beneficial 
effects, lowering of inflammatory responses may also increase vulnerability towards infectious 
diseases. Since cardiovascular disease is widely recognized as a pro-inflammatory state, the 
use of anti-inflammatory strategies is considered to be justified, underscored by ongoing large 
outcome studies using anti-inflammatory agents (Cantos, NCT01327846, CIRT, NCT01594333).

In conclusion, we show that lipid lowering with the PCSK9 mAb alirocumab reduces the 
pro-inflammatory phenotype of monocytes without affecting CRP, implying that potent 
lowering of LDL-c has an anti-inflammatory impact in hypercholesterolemic patients. These 
data highlight that inflammation is not solely captured by CRP measurement and warrant 
future investigations to assess the role of attenuating cellular inflammation in patients at high 
cardiovascular risk.

Acknowledgements: The authors thank J.P. Kelder, S. Rameckers, and S. Krebbex for their 
assistance in patient recruitment and collection of baseline data. The main study (ODYSSEY 
CHOICE II) was funded by Sanofi and Regeneron Pharmaceuticals, Inc.

Disclosures and funding: E Stroes reports having received (non-significant) lecturing 
fees from Merck, Amgen, Sanofi-Regeneron and Chiesi. All other authors have nothing to 
disclose. This research is supported by The Netherlands Heart Foundation (CVON 2011/ B019: 
Generating the best evidence-based pharmaceutical targets for atherosclerosis [GENIUS]) 
and REPROGRAM grant (European commission Horizon2020-PHC-2015: 667837). J. van den 
Bossche received a Junior Postdoc grant from The Netherlands Heart Foundation (2013T003) 
and a VENI grant from ZonMW (91615052). 



Lipid lowering alters monocyte response

6

113  

REFERENCES

1. Libby et al. Progress and challenges in 
translating the biology of atherosclerosis. Nature. 
2011;473:317-25.

2. Mihaylova B et al. The effects of lowering LDL 
cholesterol with statin therapy in people at low 
risk of vascular disease: meta-analysis of individual 
data from 27 randomised trials. Lancet. 2012; 
380:581–90. 

3. Tawakol A et al. Intensification of statin therapy 
results in a rapid reduction in atherosclerotic 
inflammation: results of a multicenter 
fluorodeoxyglucose-positron emission 
tomography/computed tomography feasibility 
study. J. Am. Coll. Cardiol. 2013; 62:909–17. 

4. Ridker PM et al. Rosuvastatin to prevent vascular 
events in men and women with elevated C-reactive 
protein. N. Engl. J. Med. 2008; 359:2195–207. 

5. Wensley F et al. Association between C reactive 
protein and coronary heart disease: mendelian 
randomisation analysis based on individual 
participant data. BMJ. 2011; 342:d548. 

6. Passacquale G et al. The role of inflammatory 
biomarkers in developing targeted cardiovascular 
therapies: lessons from the cardiovascular 
inflammation reduction trials. Cardiovasc. Res. 
2015;227.

7. Ghattas A et al. Monocytes in coronary artery 
disease and atherosclerosis: where are we now? J. 
Am. Coll. Cardiol. 2013; 62:1541–51.

8. Van Der Valk FM et al. In vivo imaging of enhanced 
leukocyte accumulation in atherosclerotic lejas. J. 
Am. Coll. Cardiol. 2014; 64:1019–1029. 

9. Tousoulis D et al. Inflammatory cytokines in 
atherosclerosis: current therapeutic approaches. 
Eur. Heart J. 2016;759. 

10. Charo IF et al. Chemokines in the pathogenesis of 
vascular disease. Circ. Res. 2004; 95:858–866. 

11. Han KH et al. Chemokine receptor CCR2 expression 
and monocyte chemoattractant protein-1-
mediated chemotaxis in human monocytes. 
A regulatory role for plasma LDL. Arterioscler. 
Thromb. Vasc. Biol. 1998; 18:1983–1991. 

12. Han KH et al. Expression of the monocyte 
chemoattractant protein-1 receptor CCR2 is 
increased in hypercholesterolemia. Differential 
effects of plasma lipoproteins on monocyte 
function. J. Lipid Res. 1999; 40:1053–63. 

13. Hegele RA et al. Nonstatin Low-Density 
Lipoprotein–Lowering Therapy and 
Cardiovascular Risk Reduction—Statement From 
ATVB Council. Arterioscler. Thromb. Vasc. Biol. 
2015;ATVBAHA.115.306442. 

14. Kinlay S. Low-Density Lipoprotein-Dependent and 
-Independent Effects of Cholesterol-Lowering 
Therapies on C-Reactive Protein. A Meta-Analysis. 
J. Am. Coll. Cardiol. 2007; 49:2003–2009. 

15. Zaid A et al. Proprotein convertase subtilisin/kexin 
type 9 (PCSK9): Hepatocyte-specific low-density 
lipoprotein receptor degradation and critical role 
in mouse liver regeneration. Hepatology. 2008; 
48:646–654. 

16. Raal F et al. Low-Density Lipoprotein Cholesterol-
Lowering Effects of AMG 145, a Monoclonal 
Antibody to Proprotein Convertase Subtilisin/
Kexin Type 9 Serine Protease in Patients With 
Heterozygous Familial Hypercholesterolemia. 
Circulation. 2012; 126:2408–2417. 

17. Stein EA et al. Effect of a monoclonal antibody 
to PCSK9, REGN727/SAR236553, to reduce low-
density lipoprotein cholesterol in patients with 
heterozygous familial hypercholesterolaemia 
on stable statin dose with or without ezetimibe 
therapy: a phase 2 randomised controlle. Lancet. 
2012; 380:29–36. 

18. Robinson JG et al. Efficacy and Safety of Alirocumab 
in Reducing Lipids and Cardiovascular Events. N. 
Engl. J. Med. 2015; 372:1489–1499. 

19. Sahebkar A et al. Effect of Monoclonal Antibodies 
to PCSK9 on high-sensitivity C-reactive protein 
levels: A Meta-Analysis of 16 Randomized 
Controlled Treatment Arms. Br. J. Clin. Pharmacol. 
2016;n/a–n/a. 

20. Nordestgaard BG et al. Familial 
hypercholesterolaemia is underdiagnosed 
and undertreated in the general population: 
guidance for clinicians to prevent coronary heart 
disease: Consensus Statement of the European 
Atherosclerosis Society. Eur. Heart J. 2013; 34:3478–
3490. 

21. Abeles RD et al. CD14, CD16 and HLA-DR reliably 
identifies human monocytes and their subsets 
in the context of pathologically reduced HLA-
DR expression by CD14hi/CD16neg monocytes. 
Cytom. Part A. 2012; 81:823–834.



Chapter 6

6

114  

22. Han KH et al. Chemokine Receptor CCR2 Expression 
and Monocyte Chemoattractant Protein-1 
Mediated Chemotaxis in Human Monocytes : 
A Regulatory Role for Plasma LDL. Arterioscler. 
Thromb. Vasc. Biol. 1998; 18:1983–1991.

23. Balk EM et al. Effects of Statins on Nonlipid Serum 
Markers Associated with Cardiovascular Disease: 
A Systematic Review. Ann. Intern. Med. 2003; 
139:670–682. 

24. Arnaud C et al. Statins reduce interleukin-6-
induced C-reactive protein in human hepatocytes: 
New evidence for direct antiinflammatory effects 
of statins. Arterioscler. Thromb. Vasc. Biol. 2005; 
25:1231–1236. 

25. Tennent GA et al. Transgenic human CRP is not 
pro-atherogenic, pro-atherothrombotic or pro-
inflammatory in apoE-/- mice. Atherosclerosis. 
2008; 196:248–255. 

26. Duivenvoorden R et al. Relationship of 
Serum Inflammatory Biomarkers With Plaque 
Inflammation Assessed by FDG PET/CT. JACC 
Cardiovasc. Imaging. 2013; 6:1087–1094. 

27. Van Wijk DF et al. Nonpharmacological Lipoprotein 
Apheresis Reduces Arterial Inflammation in 
Familial Hypercholesterolemia. J. Am. Coll. Cardiol. 
2014; 64:1418–26.



Lipid lowering alters monocyte response

6

115  

SUPPLEMENT

The ODYSSEY CHOICE II study. The ODYSSEY CHOICE II was a randomized, double-blind, 
placebo-controlled, Phase 3 multinational study including 233 patients from 43 study sites. 
The CHOICE II study enrolled adult patients with hypercholesterolemia, (1) not receiving a 
statin due to statin associated muscle symptoms (SAMS) with moderate, high, or very-high 
cardiovascular risk, or (2) not receiving a statin but who did not fulfill the SAMS definition. 
CHOICE II comprised 24 weeks of double-blind treatment with alirocumab 150 mg every 4 
weeks (Q4W), alirocumab 75 mg every 2 weeks (Q2W), or placebo Q2W, respectively. Patients 
were randomized as follows to one of the three arms, placebo for alirocumab, alirocumab 75 
Q2W/up 150 Q2W, or alirocumab 150 Q4W/Up 150 Q2W in a planned 1:1:2 ratio, during the 
double-blind treatment period:

• Placebo for alirocumab subcutaneous (SC) Q2W starting at Week 0 (randomization) 
and continuing up to Week 22, i.e. 2 weeks before the end of the double-blind 
treatment period.

• Alirocumab SC 75 mg Q2W starting at Week 0 (randomization) up to Week 12. Based 
on the patients’ Week 8 LDL-c level, patients either continued with alirocumab 75 mg 
Q2W or had their dose up-titrated to 150 mg Q2W up to Week 22, i.e. 2 weeks before 
the end of the double-period. 

• Alirocumab SC 150 mg Q4W starting at Week 0 (randomization) up to Week 12. Based 
on the patients’ Week 8 LDL-c level, patients either continued with alirocumab 150 
mg Q4W or had their dose up-titrated to 150 mg Q2W up to Week 22, i.e. 2 weeks 
before the end of the double-period (the blind was maintained in patients receiving 
Alirocumab 150 Q4W by alternating with placebo SC Q4W).

After study completion, all patients were offered the opportunity to enter an open-label 
extension study during which all patients received alirocumab 150 mg Q4W.

Migratory capacity: Trans-endothelial migration (TEM) and chemotaxis. Primary human 
arterial endothelial cells (Lonza, Baltimore, MD) were cultured to confluence. After overnight 
stimulation with 10 ng/mL tumor necrosis factor- α (TNF-α, Peprotech, London, United 
Kingdom), CD14+ MACS-sorted (Milteny Biotec, Leiden, The Netherlands) monocytes were 
added at a concentration of 1*106 cells/mL for 30 min at 37°C, 5% CO2 and then fixed with 
3.7% formaldehyde (Sigma-Aldrich, Zwijndrecht, The Netherlands). Images were recorded 
with a Zeiss Axiovert 200 microscope (Plan-apochromat 10x/0.45 M27 Zeiss-objective; Carl 
Zeiss Inc., Jena, Germany). Transmigrated monocytes were distinguished from adhered 
monocytes by their transitions from bright to dark morphology. Quantification was performed 
by using the cell counter plugin (http://rsbweb.nih.gov/ij/plugins/cell-counter.html) in the 
Image-J software (http://rsb.info.nih.gov/nih-image/). To investigate whether migration was 
mediated by MCP-1 a chemotaxis assay was performed.
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The EZ-TAXIScan chamber (Effector Cell Institute, Tokyo, Japan) was assembled with a 260 
μm wide and 4 μm thick silicon chip coated with Fibronectin (FN) (30 μg/ml) for 1 h at 370C 
and subsequently blocked with 2% Bovine Serum Albumin (BSA) phosphate buffered saline 
(PBS) for 30 min. The chamber was assembled on a 30 mm round FN-coated (30 μg/mL) glass 
coverslip and filled with monocyte migration medium (RPMI/0.1% BSA). Isolated monocytes 
(1*106 cells/mL) were added to the upper reservoir of each of the six channels and allowed 
to line up by removing 10 μL from the lower reservoir. Five μL monocyte chemoattractant 
protein-1 (100 ng/mL) was added to the lower reservoir and monocyte migration was captured 
every 120 s for 120 min using a 10x objective. Cell migration was quantified using ImageJ and 
the available manual tracking plugin (http://rsb.info.nih.gov/ij/plugins/manual-tracking.html). 
This plugin allowed us to manually track monocyte migration. Obtained datasets were further 
analyzed using the chemotaxis tool plugin (version 1.1) from Ibidi (Ibidi, Planegg, Germany). At 
least 30 cells per condition were tracked. Distance towards MCP-1 (either positive or negative) 
was averaged to calculate mean migration distance towards MCP-1.

FACS. Freshly isolated monocytes were stained for chemokine receptor (CCR) 2 (Novus 
Biologicals, Littleton, CO) expression and subsequently cells were sorted by fluorescent 
activated cell sorting (FACS). Cells with a median fluorescence intensity higher than 3500 
were quantified as CCR2 high expressing cells, whereas cells with a median MFI lower than 
3500 were quantified as CCR2 low and intermediate-expressing cells. Next, sorted cells were 
spread on a FN-coated microscopy slide and stained for Nile red as described. 

Co-immuno staining. For the co-immuno staining of CCR2 and Nile Red, after fixation cells 
were blocked for 15 minutes with 2% BSA/PBS. Subsequently cells were stained with CCR2 
Alexa 405 (Novus Biologicals, Littleton, CO) in 1% BSA/PBs for 45 minutes, washed with PBS 
and incubated with the lipid dye Nile red as described.

Ex vivo lipopolysaccharide (LPS) challenge for cytokine production. Cells (0.2*106) 
were plated in a 96-well tissue culture plate for 45 min allowing monocyte adherence in 
Iscove’s Modified Dulbecco’s Medium (IMDM, Sigma-Aldrich, Zwijndrecht, The Netherlands) 
supplemented with 2 mM l-glutamine, penicillin (100 U/mL), streptomycin (100 μg/ml) and 
1% fetal calf serum (FCS; all Gibco, Walth). Hereafter, the medium was removed and replaced 
by IMDM with 10% FCS. 
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TABLE S1. Markers used for flow cytometry 

Surface marker Color Dilution Company

CD14 PE-Cy7 1/50 BD

CD16 APC-Cy7 1/50 BD

HLA-DR
CCR2

PerCpCy5.5
APC

1/50
1/50

BD
BD

CCR5 FITC 1/10 BD

CX3CR1 PE 1/50 Biolegend

CD18 APC 1/50 BD

CD29 APC 1/10 BD

CD11b PE 1/25 BD

SR-A PE 1/10 R&D

CD36 APC 1/25 BD

Mouse IgG1 κ isotype control FITC 1/50 BD

Mouse IgG1 κ isotype control PE 1/50 BD

Mouse IgG1 κ isotype control APC 1/50 BD

APC indicates allophycocyanin; CD, cluster of differentiation; CR, chemokine receptor; Cy, CyChrome; FITC, Fluorescein 
isothiocyanate; HLA, human leucocyte antigen; PE, phycoerythrin ;  PerCP, peridinin-chlorophyll-protein; SR, scavenger 
receptor.

TABLE S2. Primer sequences for qPCR

Gene Forward primer (5’-3’) Reverse primer (5’-3’)

ABCA1 CCTGTCATCTACTGGCTCTC ACAACGTAATTGCACATATCCC

ABCG1 GAGATGGGAGTCTTTCTTCGG CACTGGGAACATGATCTGAAAGG

B2M AGCGTACTCCAAAGATTCAGGTT ATGATGCTGCTTACATGTCTCGAT

GAPDH GAAGGTGAAGGTCGGAGTCAAC CAGAGTTAAAAGCAGCCCTGGT

ABCA indicates ATP binding cassette transporter; B2M, beta-2-microglubilin; GAPDH, glyceraldehyde 3-phosphate 
dehydrogenase.

TABLE S3. Disease specifications of the FH patients not receiving statin therapy

Characteristic FH patients, no statin (n=15)

Diagnosis

- FH, genetic mutation, n (%) 8 (57)

- FH, clinical diagnosis (DLN criteria), n (%) 7 (43)

Medication use

- Ezetrol, n (%) 11 (73)

- Antihypertensive, n (%) 6 (43)

Data are n (%). FH indicates familial hypercholesterolemia. DLN; Dutch Lipid Network.
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TABLE S4. Characteristics of subjects in migratory and immunohistochemical experiments 

Control n=7 FH no statin n=7 P-value

Age, years 56 ± 8 61 ± 11 0.338

Gender, n, male (%) 3 (43) 3 (43) 1.000

BMI, kg/m2 24 ± 3 27 ± 5 0.200

Smoking, (% active) 0/7 0/7 1.000

CVD history 0/7 3/7 0.051

SBP, mmHg 125 ± 14 125 ± 15 0.953

DBP, mmHg 77 ± 10 82 ± 9 0.448

CRP, mg/L 0.6 [0.2–1.9] 2.9 [0.4–4.2] 0.181

Total cholesterol, mmol/L 5.3 ± 1.0 9.8 ± 1.9 <0.001

LDL-c, mmol/L 3.0 ± 0.5 7.8 ± 1.9 <0.001

HDL-c, mmol/L 1.8 ± 0.7 1.3 ± 0.5 0.143

Triglycerides, mmol/L 0.8 [0.2–1.9] 1.49 [1.1–1.7] 0.432

Leucocytes, 109/L 5.1 ± 0.9 6.3 ± 2.4 0.265

Neutrophils, 109/L 3.0 ± 0.7 3.7 ± 1.4 0.284

Lymphocytes, 109/L 1.5 ± 0.3 1.9 ± 1.0 0.278

Monocytes, 109/L 0.4 ± 0.1 0.5 ± 0.2 0.407

Values are n (%), mean ± SD or median [IQR,] for skewed data. BMI indicates body mass index; CRP, c-reactive protein; 
CVD, cardiovascular disease; DBP, diastolic blood pressure; FH, familial hypercholesterolemia; HDL-c, high density lipoprotein 
cholesterol; IQR, inter-quartile range; LDL-c, low density lipoprotein cholesterol; Lp(a), lipoprotein (a); SBP, systolic blood 
pressure, SD, standard deviation.

TABLE S5. Treatment allocation of PCSK9 inhibition (alirocumab) patients 

Subject Double-blind 
period

Uptitrated at 
Week 12 in the DB

OLE Sample used

1 75 MG Q2W Yes 
150 mg Q2W

150 mg Q4W Week 24 double-blind period
With 150Q2W

2 75 MG Q2W Yes 
150 mg Q2W

150 mg Q4W Week 24 double-blind period
With 150Q2W

3 75 MG Q2W Yes 
150 mg Q2W

150 mg Q4W Week 24 double-blind period
With 150Q2W

4 150 MG Q4W Yes 
150 mg Q2W

150 mg Q4W Week 24 double-blind period
With 150Q2W

5 150 MG Q4W No 
150 mg Q4W

150 mg Q4W Week 24 double-blind period
With 150Q4W

6 Placebo na 150 mg Q4W
Up-titrated in the OLE

Week 24 OLE
With 150Q2W

7 150 MG Q4W Yes 
150 mg Q2W

150 mg Q4W Week 24 double-blind period
With 150Q2W

8 Placebo na 150 mg Q4W
Up-titrated in the OLE

Week 24 OLE
With 150Q2W

9 Placebo na 150 mg Q4W
Up-titrated in the OLE

Week 24 OLE
With 150Q2W

150Q2W =150 mg every 2 weeks; 150Q4W, 150 mg every 4 weeks; 75Q2W, 75 mg every 2 weeks. LMT indicates lipid-
modifying treatment; na, not applicable; OLE, open label extension. 
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TABLE S6. Disease specifications of the FH patients

Characteristic FH, alirocumab (n=10) FH, Stable statin (n=11)

Diagnosis

- FH, genetic mutation 5 (50) 6 (55)

- FH, clinical diagnosis (DLN criteria) 5 (50) 5 (36)

Medication use

- Ezetrol, n (%) 9 (90) 5 (46)

- Antihypertensive, n (%) 5 (50) 2 (18)

- statin 0 11

Data are n (%). FH indicates familial hypercholesterolemia; DLN; Dutch Lipid Network; PCSK9, proprotein convertase 
subtilisin/kexin type 9.

FIGURE S1. Expression of chemokine receptors and integrins in FH patients

Flow cytometry on whole blood was performed to study monocyte surface expression of chemokine receptors and 
integrins in FH-patients (n=14) versus controls (n=11). Surface expression of CX3CR1 (A), CCR5 (B), CD11b (C), CD18 
(D), and CD29 (E) is represented as delta median fluorescence intensity. Data represent mean ± SEM *P<0.05; **P<0.01; 
***P<0.001. CD indicates cluster of differentiation; CCR, c-motif chemokine receptor; FH, familial hypercholesterolemia; 
SEM, standard error of the mean. 
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FIGURE S2. Co-occurrence of CCR2 expression and lipid accumulation in isolated monocytes

Monocytes were separated with FACS, distinguishing high (MFI xx) and intermediate or low CCR2 expression. 
(A,B) Lipid content of CCR2 low/intermediate and high subsets assessed by NR immunohistochemistry. (C) Co-
immunohistochemistry of CCR2 (purple) and neutral lipids (green). Data represent mean ± SEM. ***P<0.001. CCR 
indicates c-motif chemokine receptor; FACS, fluorescence activated cell sorting; MFI, median fluorescence intensity; NR, Nile 
Red. 
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FIGURE S3. Expression of chemokine receptors and integrins after treatment

Flow cytometry on whole blood was performed to study monocyte surface expression of chemokine receptors and 
integrins after lipid lowering. FH, pre-alirocumab (n=10), FH, post-alirocumab (n=10), FH, stable statin (n=11). Surface 
expression of CX3CR1 (A), CCR5 (B), CD11b (C), CD18 (D), and CD29 (E) is represented as delta median fluorescence 
intensity.  Data represent mean ± SEM *P<0.05; **P<0.01; ***P<0.001. CD indicates cluster of differentiation; CCR, c-motif 
chemokine receptor; FH, familial hypercholesterolemia; PCSK9, proprotein convertase subtilisin/kexin type 9; SEM, standard 
error of the mean. 
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FIGURE S4. Monocytes of FH patients show increased migration towards MCP-1

Representative image (A) and plots (B) of migration towards a MCP-1 gradient, observed in a control subject 
(left), FH (no statin) (middle), and FH alirocumab-treated (right). Migration is quantified in 30 cells per subject as 
migrated distance in μm, distance in red (towards MCP-1) is considered positive, distance in blue (away from MPC-
1) is considered negative, all values are used to calculate average migration towards MCP-1 (C). FH indicates familial 
hypercholesterolemia; MCP-1, monocyte chemoattractant protein-1; PCSK9, proprotein convertase subtilisin/kexin type 9.
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FIGURE S4. Continued 

VIDEO S1. Monocytes of FH patients show increased migration towards MCP-1

Video of representative experiment performing a MCP-1 chemotaxis assay (Link: https://youtu.be/KTHLqaaWdmQ). 
Over a 2 h period, monocytes of an FH patient (middle, LDL-c 7.62 mmol/L) move rapidly towards an MCP-1 gradient, 
whereas monocytes of a control subject (left: LDL-c 2.53 mmol/L) do not show significant directional movement. 
After alirocumab treatment (right: LDL-c 3.03 mmol/L) monocyte movement is slower compared to the FH patient 
(no statin). FH indicates familial hypercholesterolemia; LDL-c, low-density lipoprotein cholesterol; MCP-1, monocyte 
chemoattractant protein-1; PCSK9, proprotein convertase subtilisin/kexin type 9.


