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Subclinical atherosclerosis (SCA) occurs in asymptomatic individuals. Blood

peripheral monocytes are involved in the development of atherosclerosis.

Circulating monocytes acquire pro-inflammatory profiles, and they are

involved in the early stages of atherosclerosis development. Low-density

lipoprotein Receptor-related Protein 1 (LRP1) is expressed in monocytes,

mainly in classical and intermediate subsets. Although LRP1 is highly

expressed in macrophages and vascular smooth muscle cells (VSMCs) in

atherosclerotic plaque formation, its expression in circulating monocytes

has not been studied in SCA. The aim of this study was to characterize

the LRP1 expression level in circulating monocytes of individuals with SCA

and compared with individuals with low (LR) and intermediate (IR) risk of

cardiovascular diseases, both without evidence of atherosclerotic lesions in

carotid and coronary arteries. LRP1 and additional markers (CD11b, CD11c,

and CD36) at cell surface of monocytes were analyzed by flow cytometry

assays, whereas LRP1 and pro-inflammatory factors gene expressions were

measured in isolated monocytes by quantitative RT-PCRs. Both LRP1

protein and LRP1 mRNA were significantly reduced in monocytes in SCA

and IR respect to LR. Conversely, CD36, CD11b, and CD11c monocytic

markers showed no significant changes between the different study groups.

Finally, increased gene expressions of TNF-α and IL-1β were detected in

monocytes of SCA, which were associated with decreased LRP1 expression
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at the cell surface in total monocytes. In summary, we propose that the

decreased LRP1 expression at cell surface in total monocytes with pro-

inflammatory profile is associated with the development of atherosclerosis in

asymptomatic individuals.
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Introduction

The detection by imaging methods of atherosclerotic
plaques in arteries of asymptomatic individuals is termed
subclinical atherosclerosis (SCA) (1, 2). SCA represents the
majority of cases among younger adults, who can suffer
cardiovascular events despite being considered as low CVD risk
score (1, 3). Thus, SAC underlies most cardiovascular events,
and its early detection can improve risk stratification.

Peripheral blood monocytes play a central role during the
development and progression of atherosclerosis (4). Monocytes
are main cellular component of innate immunity, which can
acquire a pro-inflammatory phenotype after certain stimulus,
not only with microbial products but also endogenous
atherogenic stimulus that are produced by risk factors associated
with obesity, type 2 Diabetes Mellitus, and dyslipidemia (5). This
persistent activation of circulating monocytes is characterized
by an increased gene expression of pro-inflammatory cytokines
and growth factors, such as TNF-α, IL-1β, and CCL2 (6, 7).
However, this pro-inflammatory profile of monocytes has not
been systematically evaluated in individuals with SCA.

Low-density lipoprotein Receptor-related Protein 1 (LRP1)
is a cell surface glycoprotein composed by two subunits: A
large subunit of 515 kDa (LRP1-α), containing the extracellular
binding domains, and a subunit of 85 kDa (LRP1-β) comprising
the membrane spanning and cytoplasmic domain (8). Although
LRP1 is considered an endocytic receptor, it has been
shown its ability to promote intracellular signaling regulating
proliferation, migration, and differentiation of different cell
types, including macrophages and vascular smooth muscle cells
(VSMCs) (9). It has been demonstrated that LRP1 is involved
in the atherosclerosis development and atherogenic plaque
formation (10, 11). In macrophages, LRP1 is highly expressed
and regulates cellular proliferation and migration (12, 13) and
foam cell formation through the binding and internalization of
aggregated LDL (aggLDL) (14). In addition, LRP1 is involved
in the suppression of the Toll-like receptor (TLR)-induced
inflammation in macrophages (15) and in consequence LRP1
deficiency is associated with increased expression of pro-
inflammatory mediators, included TNF-α and IL-6, in this type
of cells (16). LRP1 is expressed in human monocytes (17) but
its expression level in association with the pro-inflammatory

profile in these circulating cells have not been established yet in
SCA individuals.

Thus, the aim of this study was to analyze whether
the LRP1 expression level in circulating monocytes from
asymptomatic individuals with atherosclerosis is associated with
pro-inflammatory phenotypes of these cells.

Materials and methods

Study design

Descriptive and analytical observational cross-sectional
study was performed on a population sample of asymptomatic
adults (20–59 years old) voluntarily enrolled at the Clinical
Medicine Service of the Hospital Privado Universitario de
Cordoba (HPUC) as previously was published (2). Briefly,
from a total of 254 enrolled, 27 were excluded by exclusion
criteria (CVD antecedents, diabetes mellitus, lipid-lowering
drug treatment and pregnant women), 82 individuals were
classified as SCA group, 21 presented low-risk factors of CVD
(LR group) and 124 individuals were classified as intermediate-
risk factors of CVD (IR group). Criteria for LR, IR, and SCA
groups are defined in Supplementary Methods.

Carotid ultrasound study

The CU study was performed using Accuvix V10, Samsung
Medison Co., Ltd. (Seoul, Korea) with a linear transduction of
variable frequency from 5 to 13 MHz as was previously described
(2) and detailed in Supplementary Methods.

Coronary artery calcium score
determination by cardiac computed
tomography

Cardiac computed tomography (CT) scans were performed
using a Toshiba Aquilion helicoidal multidetector tomograph
manufactured by Toshiba America Medical Systems, Inc.
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(Tustin, CA), which has 16 detectors in line as was previously
described (2) and detailed in Supplementary Methods.

Laboratory measurements

Fresh whole blood samples were drawn into collection
tubes for laboratory tests that included white cell and
monocyte measurement, plasma glucose, total cholesterol,
triglycerides, low-density lipoprotein cholesterol (LDLc), high-
density lipoprotein cholesterol (HDLc), lipoprotein-(a) [Lp(a)],
creatinine and high-sensitivity C-reactive protein (hs-CRP).
Non-HDLc was calculated from (total cholesterol - HDLc
concentrations).

Flow cytometry analysis

Samples were prepared within 30 min after drawn. About
50 µl of whole blood was added to a 5-ml polystyrene round-
bottomed tube (No. 352008; BD Biosciences), and 1 ml of
each antigen-specific fluorochrome-labeled antibody was added
(antibody dilutions are indicated in Supplementary Table 1
and all isotype controls were purchased from their respective
manufacturers). The sample was then incubated for 20 min at
4◦C in the dark. Lysis of erythrocytes was performed using a
lysing buffer (No. 555899; BD Pharm Lyse) for 15 min. To
ensure maximum viability, stained cells were analyzed promptly.

LRP1 in total monocytes and monocyte subsets was
measured by flow cytometry using the gating strategy previously
described (17) and detailed in Supplementary Methods. For
measurement of CD36, CD11b, and CD11c in total monocytes
and monocyte subsets by flow cytometry each antigen-
specific PerCP-Cy5.5-labeled antibody (dilution indicated in
Supplementary Table 1) was added in separate tubes for
its corresponding monocyte marker. Next, the MFI for each
marker in monocyte subsets was determined from cells gated
on CD14 vs. CD16 plot, whereas for total monocytes was
defined form the cell distribution pattern obtained in the SSC
vs. LRP1-positive plot (Supplementary Figure 1). The total
variation yield by the measurement of LRP1, CD36, CD11b,
and CD11c in total monocytes and monocyte subsets, calculated
from the analytical (aCV%) and biological (bCV%) variation
as [(aCV%2 + bCV%2)1/2] (18), was not higher than 20%
according as was previously described (17).

Total monocyte isolation by
fluorescent activated cell-sorting

For the total monocytes isolation by fluorescent activated
cell-sorting (FACS) we employed the gating strategy previously
described (17) and schematized in Supplementary Figure 1.

Briefly, 6 ml of whole blood were used and the procedure of
sample processing for flow cytometry was repeated maintaining
the proportion of reagents relative to whole blood volume as was
indicated for flow cytometry assays (Supplementary Methods
and Supplementary Table 1). The cell sorting was performed
with a BD FACS Aria TMIIu cell sorter calibrated with BD
Cytometer Setup Tracking Beads (No. 641319, BD Biosciences)
and Accudrop Beads (No. 345248, BD Biosciences). BD FACS
Diva TM software (version 6.1.2) was used to acquire and
analyze the data.

Quantitative reverse transcriptase-PCR
assays

From isolated total monocytes the transcript products
of LRP1 and pro-inflammatory factors were analyzed by
quantitative reverse transcriptase-PCR assays (qPCR) as is
detailed in Supplementary Methods. Sequences of specific
primers for LRP1, TNF-α, IL-1β, CCL2, CCR2 and GAPDH are
indicated in Supplementary Table 2.

Statistics

Data were presented as mean ± standard deviation (SD) or
median and interquartile range (IQR) for continuous variables
and frequencies (percentages) for categorical variables. The
normality of the data was analyzed using the Kolmogorov–
Smirnov test. Parameters with non-normal distribution were
log-transformed to achieve normal distribution and to apply
statistical parametric analysis, but the original data were used
in different visual representations. For statistical analysis, the
parametric paired t-test and ordinary one-way ANOVA were
used. For certain parameters, mean values were adjusted with
statistic ANCOVA models. For binary comparison between
parameters, Pearson correlation analysis was applied. The
statistical software GraphPad Prism 6.2 (San Diego, CA) was
used for all statistical analyses. Differences were considered
statistically significant when p < 0.05.

Results

To analyze the cell surface LRP1 expression in circulating
monocytes at early stages of atherosclerosis we enrolled
asymptomatic individuals with SCA criteria (SCA group; n = 82)
and compared to individuals with low (LR group; n = 21) and
intermediate (IR group; n = 124) risk factors of CVD. Table 1
shows clinical and biochemical parameters of the three study
groups (Study I). In the SCA group, the presence of carotid
atherosclerotic plaque (CAP) was combined with coronary
artery calcium (CAC) scores > 1.0 in 17% of females and 66% of
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males, which are in agreement with previous studies published
(2). From comparison of lipid parameters only total cholesterol,
LDLc and non-HDLc shown significant difference between
three groups, whereas triglycerides shown significant difference
between LR and SCA and between IR and SCA, but not between
LR and IR. Then, HDLc shown significant difference between
LR and IR and between LR and SCA, but not between IR
and SCA. White cell count and hs-CRP were not significantly

different between groups, indicating that these individuals did
not show evidence of systemic inflammation. Either monocyte
subsets shown significant difference between three groups. Next,
using flow cytometry assay we analyzed the cell surface LRP1
level in monocyte subsets and total monocytes in individuals of
the three groups. Table 2 and Supplementary Figure 2 show
that LRP1 was significantly reduced at cell surface in total
monocytes of SCA and IR groups respect to LR group; however,

TABLE 1 Clinical and biochemical parameters (Study I).

Parameters Without subclinical atherosclerosis
Subclinical

atherosclerosis
(SCA)
(n = 82)

P-value*
Binary comparison**

Low risk group
(LR)

(n = 21)

Intermediate risk
group
(IR)

(n = 124)

Male (%) 6 (28.6) 78 (62.9) 53 (64.6) 0.0073##

Ages, years# Median [IQR] 40
[27–44]

38
[29–47]

50
[44–55]

< 0.0001
b, c

BMI, kg/m2Mean ± SD 21.9 ± 2.1 26.5 ± 4.7 26.9 ± 3.7 < 0.0001
a, b

SBP, mmHgMean ± SD 110 ± 10 118 ± 11 120 ± 12 0.0029
a, b

DBP, mmHgMean ± SD 75 ± 6 82 ± 9 83 ± 7 0.0003
a, b

Total cholesterol, mg/dlMean ± SD 162 ± 23 191 ± 36 204 ± 34 < 0.0001
a, b, c

LDLc, mg/dlMean ± SD 89 ± 17 119 ± 31 133 ± 30 < 0.0001
a, b, c

HDLc, mg/dlMean ± SD 68 ± 18 54 ± 19 49 ± 15 < 0.0001
a, b

Triglycerides, mg/dlMean ± SD 110 ± 10 116 ± 118 133 ± 76 < 0.0001
b, c

Non-HDLc, mg/dlMean ± SD 94 ± 18 137 ± 38 155 ± 36 < 0.0001
a, b, c

Lp(a), mg/dlMean ± SD 41 ± 32 56 ± 60 56 ± 58 ns

Glucose, mg/dlMean ± SD 91 ± 6 98 ± 7 101 ± 9 < 0.0001
a, b

Creatinine, mg/dlMean ± SD 0.8 ± 0.1 1.0 ± 0.2 1.0 ± 0.2 ns

hs-CRP, mg/dl#Median[IQR] 0.11
[0.07–0.14]

0.12
[0.06–0.20]

0.12
[0.10–0.17]

ns

White cell count × 109/L#Median [IQR] 6.0
[5.2–6.6]

6.5
[5.5–7.5]

6.4
[5.5–7.8]

ns

Classical monocytes# ,%Median[IQR] 87
[82–89]

86
[83–90]

84
[82–89]

ns

Non-classical monocytes# ,%Median [IQR] 7.0
[6.5–8.0]

7.0
[5.0–9.8]

8.0
[6.0–10.0]

ns

Intermediate Monocytes# ,%Median[IQR] 6.0
[4.0–10.0]

6.0
[5.0–8.0]

7.0
[5.0–8.0]

ns

CACS, Agatston units 0 0 > 1.0
F: 5/29

M: 35/53

Values are mean ± SD (standard deviation) for normal distribution, or median (IQR, interquartile range) for non-normal distribution. BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure; LDLc, low density lipoprotein-cholesterol; HDLc, high density lipoprotein-cholesterol; non-HDLc, non-high density lipoprotein-cholesterol;
Lp(a), lipoprotein (a); hs-CRP, high sensitivity—C-reactive protein; CACS, coronary artery calcium score.
#Parameters were log-transformed to achieve normal distribution and to apply statistical parametric analysis, but in these table the original data were used.
##Contingency analysis and Chi-square test.
*Ordinary one-way ANOVA; ns, non-significant.
**a, b, and c: umpired t-test for mean values; a, IR vs. LR; b, SCA vs. LR; and c, SCA vs. IR (Letters with significant value, p < 0.05, are shown); ns, non-significant p-value.
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non-significant difference was observed between SCA and IR
groups. The decreased LRP1 expression was also observed in
classical, intermediate and non-classical monocytes in SCA and
IR groups respect to LR group.

Considering that ages and plasma triglycerides were not
significantly different between LR and IR groups (Table 1) can
be concluded that these parameters are not related with the
decreased LRP1 expression at the cell surface of monocytes
observed in individuals with IR and SCA. Moreover, the LRP1
expression in monocytes remained statistically decreased in
IR and SCA groups with respect to the LR group when
these values were statistically adjusted for BMI, SBP, DBP,
glucose, and lipid parameters (data not shown). In this
way, the expression level of LRP1 at the cell surface of
total monocytes only showed significant correlation for total
cholesterol and non-HDLc but not for BMI, triglycerides and
LDLc when all individuals were included in the statistical
analysis (n = 227). None of these parameters showed significant
correlations with LRP1 levels when in each group was evaluated
(Supplementary Table 3).

Additional monocytes cell surface markers were also
analyzed in comparison with cell surface LRP1 in the three
groups. The expression of CD36, a scavenger receptor
of oxidized LDL (19), and CD11b and CD11c, integrin
complexes involved in cell adhesion of monocytes (20),
were measured using flow cytometry assay following
the strategy showed in Supplementary Figure 1. Both
CD36 and CD11b were mainly expressed in total,

intermediate and classical monocytes, whereas CD11c
was highly expressed in non-classical and intermediate
monocytes in individuals of LR group (Supplementary
Figure 3). However, none of these cell surface marker
proteins showed significant differences between three
groups in total monocytes nor monocyte subsets
(Supplementary Table 4).

To evaluate whether the reduced expression of LRP1 at
cell surface in total monocyte correlates with the LRP1 gene
expression, we analyzed LRP1 mRNA levels in total monocytes
isolated by FACS from peripheral blood of sixteen SCA, IR,
and LR individuals (Study II). The clinical and biochemistry
parameters of the three groups (Study II) are summarized in
Supplementary Table 5, which showed similar results to those
parameters showed in Study I. Figure 1A shows that LRP1
mRNA level in FACS-isolated total monocytes decreased in SCA
and IR groups respect to LR group. In agreement with results of
the Study I, LRP1 expression at cell surface in total monocytes,
measured by flow cytometry, was significantly reduced in
SCA and IR groups compared to LR group (Figure 1B). The
correlation analysis between LRP1 mRNA and LRP1 protein
expressed at cell surface in total monocytes for three groups were
significant (p = 0.016) but the value of r was substantially less
than 1 (r = 0.345) (Figure 1C), suggesting that changes of LRP1
transcripts are not strongly associated with LRP1 protein levels
in the three groups studied.

Previous reports showed that the LRP1 deficiency in mouse
myeloid cells induced the release of pro-inflammatory factors,

TABLE 2 Comparison of LRP1 expression at cell surface in total monocytes and monocyte subsets from individuals of LR, IR and SCA
groups (Study I).

Monocyte LRP1
MFI, arbitrary units

Without subclinical atherosclerosis Subclinical
atherosclerosis

(SCA)
(n = 82)

P-value*
Binary comparison**

Low risk group
(LR)

(n = 21)

Intermediate risk
group
(IR)

(n = 124)

Total monocytes
Median
[IQR]

62.5
[56.9–74.0]

51.9
[43.2–59.1]

48.5
[42.2–58.8]

0.0004
a, p = 0.0002
b, p < 0.0001

c, ns

Classical Monocytes
Median
[IQR]

67.1
[57.9–78.6]

53.6
[47.4–62.0]

52.4
[44.3–59.7]

0.0002
a, p = 0.0001
b, p < 0.0001

c, ns

Intermediate Monocytes
Median
[IQR]

88.2
[70.9–103.0]

69.0
[60.0–84.6]

68.1
[60.9–82.3]

0.0083
a, p = 0.0024
b, p < 0.0001

c, ns

Non-classical Monocytes
Median
[IQR]

49.2
[33.1–58.9]

36.6
[30.4–45.3]

35.0
[30.0–44.8]

0.0206
a, p = 0.0088
b, p = 0.0073

c, ns

Values are median (IQR, interquartile range). Parameters were log-transformed to achieve normal distribution and to apply statistical parametric analysis, but in these table the original
data were used.
*Ordinary one-way ANOVA; ns, non-significant.
**a, b, and c: umpired t-test for mean values; a, IR vs. LR; b, SCA vs. LR; and c, SCA vs. IR. Significant value, p < 0.05. MFI, mean fluorescence intensity.
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FIGURE 1

LRP1 gene expression is also decreased in individuals with SCA
and IR. (A) The levels of LRP1 specific transcripts were measured
by quantitative RT-PCR (qPCR) in FACS-isolated total monocytes
as was described in “Materials and Methods” section and
relatively expressed at GAPDH levels from individuals with low
risk (LR) (green symbols; n = 16), intermediate risk (IR) (blue
symbols; n = 16) and subclinical atherosclerosis (SCA) (red
symbols; n = 16) (Study II). (B) The LRP1 expression level at cell
surface was measured by flow cytometry assays in total
monocytes from peripheral blood extracted of individuals with
low risk (LR) (green symbols; n = 16), intermediate risk (IR) of
CVD (blue symbols; n = 16), and subclinical atherosclerosis
(SCA) (red symbols; n = 16). In (A,B), results are shown as box
plot representing the median value and interquartile range (IQR)
of arbitrary units for qPCR and MIF (mean intensity of
fluorescence), respectively. Maximal and minimal values for
each study group are indicated (bar lines). Parameters were
log-transformed to achieve normal distribution and to apply
statistical parametric analysis, but in these table the original data
were used. (C) Correlation analysis between LRP1 protein and
LRP1 mRNA in monocytes of individuals with LR (green
symbols), IR (blue symbols) and SCA (red symbols). p-values are
shown and differences were considered statistically significant
when p < 0.05.

such as TNF-α, IL-1β, and CCL2 (16). Moreover, it has been
shown that circulating monocytes acquire pro-inflammatory
profiles in early steps of the atherosclerosis development (6,
21). Thus, we determined the expression of pro-inflammatory
factors in FACS-isolated total monocytes of SCA, IR, and LR
groups to evaluate the associations with LRP1 expression in
these cells (Study II). Figures 2A–D shows increased mRNA
levels of TNF-α and IL-1β (p < 0.0001) in total monocytes
of SCA group respect to IR and LR groups. No differences
were observed between LR and IR groups. In addition, CCL2
and CCR2 expressions were significantly increased in SCA
and IR groups with respect to LR group, whereas non-
differences were observed between SCA and IR groups. Next,
we evaluated whether the cell surface LRP1 expression in
total monocytes is associated with expression levels of pro-
inflammatory factors in total monocytes in the three groups
(Study II). In Supplementary Table 6 is observed that cell
surface LRP1 in total monocytes showed significant negative
correlation with mRNA levels of TNF-α and IL-1β, but not
with CCL2 and CCR2 when all individuals were included
in this analysis (n = 48). On the other hand, no statistical
significance in the correlation analysis were found between
LRP1 mRNA and these pro-inflammatory factors in circulating
total monocytes. Finally, in Supplementary Figure 4 is deduced
that 10/16 individuals of SCA group presented high levels
of TNF-α and IL-1β, which were associated with low LRP1
expression in total monocytes in 13/16 individuals (low limit
of IQR with MFI values < 76 as is indicated in Figure 1B).
On the other hand, whole LR and IR group showed low
levels of these pro-inflammatory factors, whereas low LRP1
expression was observed in 1/16 individuals with LR and 7/16
individuals with IR.

Discussion

Several studies have shown that LRP1 plays a dual role
in the development and regression of atherosclerosis (9, 22).
In VSMCs, LRP1 mediates the foam cells formation through
the uptake of aggregated LDL (aggLDL) inducing intracellular
cholesteryl ester accumulation (23, 24). On the other hand, LRP1
can help to suppress atherosclerosis by inhibiting the PDGF-β
signaling pathway and blocking the cell proliferation of VSMCs
(25). A similar dual role it has been shown in macrophages
in which LRP1 could mainly have an atheroprotective effect
mainly by decreasing inflammation, facilitating efferocytosis
and promoting cholesterol efflux (9, 22), but it also promotes the
macrophages-derived foam cell formation through the binding
and internalization of aggLDL (26, 27). In the present study, we
found decreased LRP1 levels at cell surface in total monocytes
and monocyte subsets, particularly in classical monocytes, in
asymptomatic individuals with CVD risk factors (IR group) and
with atherosclerotic plaque detected by carotid ultrasound (CU)
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FIGURE 2

Gene expression of pro-inflammatory factors is increased in circulating monocytes in SCA. The levels of specific transcripts of TNF-α (A), IL-1β
(B), CCL2 (C), and CCR2 (D) were measured by quantitative RT-PCR (qPCR) in FACS-isolated total monocytes and relatively expressed at GAPDH
levels from individuals with low risk (LR) (green symbols; n = 16), intermediate risk (IR) (blue symbols; n = 16) and subclinical atherosclerosis
(SCA) (red symbols; n = 16) (Study II). Results are shown as box plot representing the median value and interquartile range (IQR) of arbitrary units
for qPCR. Maximal and minimal values for each study group are indicated (bar lines). Parameters were log-transformed to achieve normal
distribution and to apply statistical parametric analysis, but in these table the original data were used. p-values are shown and differences were
considered statistically significant when p < 0.05.

and CAC score > 1 (SCA group) respect to individuals with low
CVD risk factors (LR group).

It is well established that classical monocytes are involved
in the early stages of atherosclerosis by its ability to interact
with activated endothelial cell adhesion molecules through
membrane integrin complexes expressed at cell surface of
this monocyte subset (28). Several monocytic integrins,
included CD11b and CD11c, facilitate the adhesion, rolling
and extravasation processes of monocytes to vessel intima
and macrophage differentiation (20, 29). In macrophages,
LRP1 located at plasma membrane plays a key role in the
regulation of integrins promoting the migratory processes
(30). Moreover, circulating monocytes express increased CD36
levels in individuals with high risk to develop atherosclerosis
(31). In the present study we found that CD11c was highly
expressed in non-classical and intermediate monocytes in LR

group, whereas CD11b and CD36 were mainly expressed
in classical monocytes, which agree with results previously
published (32). However, the cell surface levels of these
monocytic markers showed no significant changes between
three groups studied. The absence of modifications in CD11c,
CD11b, and CD36 levels in IR and SCA groups suggest
a very early stage in the development of atherosclerosis in
these asymptomatic individuals. In this way, we found that
decreased LRP1 expression at cell surface in total monocytes
only correlated with total cholesterol and non-HDLc but not
with LDLc in the totality of individuals studied, which may be
related with the moderate increase of plasma LDLc observed
in these subjects. In addition, although the age is a known
risk factor for atherosclerosis development (1, 2), in our study
we observed that the age would be an independent factor for
the LRP1 expression in total monocytes since it is decreased
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in IR group but not in LR group with comparable ages in
both groups. Taking into account our data, reduced levels
of LRP1 at cell surface in circulating monocytes could be
considered as a risk factor of atherosclerosis development in
asymptomatic individuals.

Together with decreased LRP1 expression at cell surface
also we found a significant decrease in LRP1 mRNA expression
in total monocytes of SCA and IR groups with respect to
LR group. However, the LRP1 protein levels showed a poor
correlation with LRP1 mRNA expression in the totality of
individuals, which could be related to different analytical
variations between assays together other aspects referred with
the regulation of gene expression and protein stability of
LRP1. Different studies have reported that the regulation of
LRP1 gene expression is very complex and dependent on the
cell type (26, 33, 34). In addition, LRP1 has a relative long
protein stability respect to other members of LDL receptor
family (35). In this study, decreased levels of LRP1 expression
at cell surface in monocytes of SCA and IR groups may be
related to an accelerated degradation of LRP1 (35). In this
way, different extracellular factors, such as LPS, insulin and
hemin, promote the LRP1 degradation through the activation
of proteasomal and lysosomal pathways in macrophages and
other cells (13, 36, 37). Finally, decreased LRP1 expression
at cell surface in monocytes may be due to an increased
shedding events in LRP1 at plasma membrane, like those that
occur in inflammation by the action of LPS and IFN-γ in
macrophages (9). The loss of LRP1 at cell surface has functional
consequences since this receptor regulates other membrane
proteins, such as PDGF-R (38), insulin receptor (39), urokinase
receptor (40) and Toll-like (TL) receptors (15), which are tightly
involved with the vascular integrity, glucose homeostasis, cell
migration, and inflammation, respectively. Taking into account
that atherosclerosis is an inflammatory process, additional
studies are needed to determine the association between
LRP1 expression at cell surface in total monocytes with the
atherosclerosis development.

It has been shown that LRP1 is involved in inflammatory
processes based on its ability to regulate the release of pro-
inflammatory factors, such as TNF-α, IL-6, and CCL2, in
macrophages (16). Thus, LRP1 modulates the activation of TL-
receptors, mainly TLR2 and TLR4, through a subsequent recruit
of Rab8a/PI3K complex, which promotes the suppression
of pro-inflammatory factor release (15). In this way, the
downregulation of LRP1 protein by specific LRP1 gene
deletion produce a pro-inflammatory profile in macrophages
(16). Our results showed that decreased LRP1 expression
at cell surface in total monocytes, but not LRP1 mRNA,
is associated with a monocyte pro-inflammatory profile in
individuals with SCA, characterized by increased levels of TNF-
α and IL-1β mRNA, which could contribute to the persistent
activation of monocytes as mediators of atherosclerosis
development (7).

Some limitations are noteworthy. First, our results support
the fact that the LRP1 expression at cell surface of monocytes
may be a better indicator of SCA. However, the low number
of individuals with low risk factor of CVD studied is
insufficient to corroborate this role as an epidemiological
biomarker and more extensive intervention studies are needed.
Second, the measurement of pro-inflammatory factors and
other markers in total monocytes of peripheral blood is very
complex and may produce significant variations. Thus, the
validation of these results in isolated mononuclear cells of
peripheral blood by Ficoll-Hypaque solution could facilitate
these measurements reducing the analytical variation of total
results. Finally, other subclinical conditions or diseases that
were not recorded in the present study may have effect on
the expression level of LRP1 in total monocytes with pro-
inflammatory profile.

In summary, we propose that the decreased LRP1 expression
at cell surface in total monocytes with pro-inflammatory
profile is associated with the development of atherosclerosis
in asymptomatic individuals. Our results taken together have
important diagnostic and therapeutic connotations related
to SCA. Future large prospective cohort and intervention
studies are required to confirm these findings, in particular to
study LRP1 expression in circulating monocytes in individuals
that have risk factors of CVD but are not classified as
SCA according to image criteria for atherosclerosis used in
the present work.
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