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ARTICLE INFO ABSTRACT

Keywords: Background and aims: B cells involvement in animal models of atherosclerosis has been unequivocally established.
Immunology However, the role of these cells in patients with atherosclerosis is almost unknown. Besides the production of
Inﬂamma‘tion antibodies, B cells can also exhibit regulatory functions mainly through IL-10. Here, we characterized human B
Ig::;;:lzgnces cell subsets, their production of IL-10 in patients with atherosclerosis and their potential association with

inflammation.
Methods: Patients with confirmed atherosclerotic events and controls with low cardiovascular risk were included.
B cells subsets were determined in mononuclear cells (PBMC) using flow cytometry. PBMC were cultured ex vivo

Cardiovascular system
Immune system
Immune disorder

Atherosclerosis (5 h) and in vitro (48 h) to determine IL-10" B cells and in some cases TNF-o" and IFN-y" CD4" T cells. The
B cells inflammatory state of the participants was determined through high sensitivity C reactive protein levels.
Regulatory B cell Results: Increase in percentage and number of plasmablasts was observed in patients with atherosclerosis
IL-10

compared with controls. A decreased frequency of IL-10™ B cells was observed in patients, both in ex vivo and in
vitro cultures. This decrease was detected in transitional, memory, and plasmablast subsets. Interestingly, the
reduction of IL-10" B cells negatively and significantly correlated with the inflammatory condition of the studied
subjects and associated with an increased frequency of TNF-a" and IFN-y" CD4" T cells. The blockade of IL-10R
did not show further effect in T cells activation.

Conclusions: There is an association between the inflammatory state and a reduction of IL-10" B cells that could
contribute to the development of atherosclerosis.

B cell subset
C reactive protein
Cholesterol

1. Introduction

Atherosclerosis is considered a systemic inflammatory disease, and is
also considered as the main cause of cardiovascular diseases, in which
both innate and adaptive immunity play important roles [1]. It has been
suggested a potential contribution of autoimmune responses in athero-
genesis and progression of atherosclerotic plaques [2, 3]. This concept is
partially based on the presence of different autoantibodies against
heat-shock protein 60/65 and oxidized low density lipoprotein (oxLDL)
in peripheral blood in these patients and in animal models [4, 5, 6, 7].

* Corresponding author.
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Also, there is association between the titles of these autoantibodies and
the severity of coronary heart disease and myocardial infarction [7, 8, 9,
10]. This suggests that humoral immune responses and B cells seem to
contribute to atherosclerosis development.

Actually, different evidence in animal models have unequivocally
revealed the involvement of B cells in atherosclerosis. For example,
depletion of mature B cell with anti-CD20 or anti-B cell activating factor-
receptor (BAFFR) monoclonal antibodies, reduces the size of athero-
sclerotic plaques in hyperlipidemic apolipoprotein E-deficient (apoE /")
mice [11, 12]. However, only a few B cells are located within the
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atheroma, and the vast majority are found in the adventitial layer
forming tertiary lymphoid organs [13]. In these structures, the presence
of B2 B cells together with T follicular helper cells, plasma cells and
germinal center reactions have been described [14]. On the other hand,
circulating B2 cells subset appear to have proatherogenic effect, while
the innate and non-circulating B1 cells seem to exert a protective role
[15, 16]. The deleterious effect of B2 cells have been related to the
production of IgG and IgE antibodies, whereas the protective effect of B1
cells has been associated with IgM antibodies which recognize oxidized
specific epitopes [16, 17]. Nevertheless, there is some contradictory in-
formation regarding the function of B2 cells in atherosclerosis [18].

The evidence about the role of B cells in atherosclerosis is scarce in
humans, but it has been proven that there is both dysregulation and
activation of B cells in atherosclerotic coronary heart disease, as was seen
through whole blood gene expression profiles and enrichment analysis
[19]. The immunostaining of peri-renal aortic specimens from 114
samples confirmed the extensive and progressive presence of cellular
components of adaptive immunity, including B cells, in this atheroscle-
rotic tissue [20]. B cells mainly infiltrate the adventitia, developing small
lymph follicles, as observed in human samples of coronary atheroscle-
rotic lesions evaluated by immunohistochemistry [21]. Carotid tissue
from 19 patients undergoing carotid endarterectomy showed that the
adventitial resident B2 lymphocytes were mostly mature oligoclonal cells
that expressed an activated phenotype and positive stain for IL-6 and
TNF-a. Interestingly, the immunoglobulin repertoires of the clones iso-
lated from these samples were different between adventitia and the
draining lymph nodes, suggesting that those cells were expanded in situ
or that they came from different sources [22].

B cells have been described as cells with regulatory capabilities,
mainly through IL-10 production, both in mice and in humans. Different
B cell subsets seem to be capable to produce IL-10 and to negatively
modulate T cell responses and therefore these cells are considered as
regulatory B cells (Breg) [23, 24, 25, 26]. IL-10 is an anti-inflammatory
cytokine and a key element in the dysregulation of the immune
response in patients with atherosclerosis, with well-known anti--
atherogenic properties [27]. However, the involvement of Breg has only
been studied in murine models of atherosclerosis with conflicting results
[28, 29]. This could be related with the fact that different B cell subsets
produce IL-10 and can regulate the production of IFN-y and TNF-a in
hyperlipidemic apoE~/~ mice [30]. However, the evidence regarding the
distribution of B cell subsets and their IL-10 production by human pa-
tients with atherosclerosis is even scarcer. The mRNA and protein levels
of IL-10 have been studied in total B cells from atherosclerotic patients by
RT-PCR and western blot, showing that they were significantly lower
compared with healthy controls [22, 31].

Hence, the characterization of human B cell subsets and their pro-
duction of IL-10 would help to better understand the involvement of
these cells in human atherosclerosis, and to clarify which of these subsets
truly have a pro or anti-atherogenic role. In this study, we evaluated the
frequency of circulating B2 cell subsets (Memory, Mature and Transi-
tional) and their IL-10 production in patients with atherosclerosis.

2. Materials and methods
2.1. Patients and controls

Patients with confirmed previous atherosclerotic events (myocardial
infarction, stroke or acute limb ischemic event) from the cardiovascular
unit at Hospital Universitario San Vicente Fundaciéon (HUSVF, Medellin,
Colombia), were included in this study; as well as controls with low
cardiovascular risk (LCVR) according to Framingham score [32], defined
as healthy donors with a calculated risk lower than normal risk from
general population. This score was calculated using Cardiovascular Dis-
ease tool for 10-year risk (available at www.framinghamheartstudy.org).
The main demographic and clinical data from patients and LCVR are
shown in Table 1. Atherosclerotic patients were under different
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Table 1. Main demographic and clinical data from patients and LCVR.

LCVR? Patients”
Age (years old) 55 (45-67) 57 (47-67)
n 19 19
Sex (Men/Women) 12/7 8/11
Framingham score 8.9 (2.7-19.5) 30.7 (5.3-86) ****

Body Mass Index (kg/m?) 22.4 (18.13-27.68)
120 (100-125)
57.48 (31.48-87.81)
201.95 (150.7-260)

1.3 (0.8-5.6)

25.1 (21.1-40) **
140 (115-180) ****
35 (17-53) ****
206 (132-296)

7.5 (4.6-85.3) ***

Blood pressure (mmHg)
HDL" levels (mg/dL)
Cholesterol (mg/dL)
hsCRP® (pg/mL)

Comparisons between patients and LCVR were performed using Mann—Whitney
test, **p < 0.01, ***p < 0.001, ****p < 0.0001.

# Median and range.

b HpL (High density lipoproteins).

¢ hsCRP (high sensitivity C reactive protein).

treatments with captopril, metoprolol, warfarin, acetylsalicylic acid and
statins. Patients and controls were paired by gender and age range. Only
controls with a Framingham score lower than 9% were included for the
analysis of B cells; therefore, there is smaller number of controls than
patients in those results. All patients and controls signed an informed
consent previously approved by the ethics committee from the Instituto
de Investigaciones Médicas (Facultad de Medicina, Universidad de
Antioquia, Medellin, Colombia) and HUSVF with file number 014-2011.

2.2. Isolation of mononuclear cells

Peripheral blood mononuclear cells (PBMC) were isolated from
heparinized blood from healthy individuals and patients by centrifuga-
tion on Histopaque (Sigma-Aldrich, MO) at 900 xg, 30 min. Cell sus-
pensions were washed twice with phosphate-buffered saline (PBS, Gibco,
NY) at 250 xg, 10 min and room temperature. Total cell number was
calculated in Neubauer chamber and viability by trypan blue exclusion
(Sigma-Aldrich), and Live/Dead staining (viability >98%, data not
shown).

2.3. Detection of IL-10 producing B cells

All cultures were performed in RPMI 1640 Glutamax medium (Gibco)
containing 10% heat-inactivated fetal bovine serum (FBS, Gibco), 4 mM
L-glutamine (Gibco) and 1% penicillin/streptomycin (Gibco). PBMC
were cultured at a concentration of 2 x 10° cells/mL in the media
described in two types of culture: 1) Ex vivo stimulation with 10 pg/mL
lipopolysaccharide (LPS from Escherichia coli, serotype 0111:B4, Sigma-
Aldrich) or 10 pg/mL CpG (ODN2006, Invivogen, CA), combined with
50 ng/mL PMA (phorbol 12-myristate 13-acetate, Sigma-Aldrich) and 1
pg/mL Ionomycin (Sigma-Aldrich), in the presence of 5 pg/mL Brefeldin
A (Sigma-Aldrich) (PIB) for 5 h. 2) In vitro stimulation with an anti-CD40
agonist (Clone HM40-3, Becton Dickinson (BD), CA) for 48 h, with re-
stimulation at the last 5 h with LPS + PIB or CpG + PIB as explained
for ex vivo culture. As control, cells were cultured without LPS, CpG, PMA
and Ionomycin, in the presence of Brefeldin A in the last 5 h. Subse-
quently, flow cytometry was performed to detect IL-10" B cells as it is
explained forward.

Also, IL-10R blocking antibody (CDw210a, clone 3F9 from BD Bio-
sciences) was used in some cultures of total PBMC from controls and
patients with in vitro stimulation.

2.4. Multiparametric flow cytometry

Cell suspensions were washed with PBS at 600 xg for 5 min at 4 °C.
Cells were incubated with Live/Dead Fixable Aqua Dead Cell Stain Kit


http://www.framinghamheartstudy.org

H. Rincén-Arévalo et al.

(Invitrogen, CA) for 15 min and washed twice with PBS. Cell pellets were
incubated with blocking buffer (10% FBS, 0.1% bovine serum albumin
(Sigma- Aldrich), and 0.01% sodium azide (Sigma-Aldrich) in PBS, pH =
7.35) for 15 min at 4 °C. Specific monoclonal antibodies were added in
100 pL of PBS and incubated for 25 min at 4 °C in the dark. Anti-human
CD1d-PE (51.1), CD4-Pacific Blue (OKT4), CD19-Pacific Blue (HIB19),
CD24-FITC (ML5), CD27-PE-Cy7 (0323), CD38-PerCP (HIT2), CD40-
APC (5C3), CD80-APC (2D10), CD86-PE-Cy5 (IT2.2), IL-10-APC (JES3-
19F1), IFN-y-APC (4SB3), and TNF-a-PE-Cy7 (MAb11) monoclonal an-
tibodies were purchased from Biolegend (CA). Cells suspensions were
washed with PBS and then fixed with Foxp3/Transcription Factor
Staining Buffer Set Kit (eBiosciences, CA) for 1 h. Then, cells were
washed with permeabilization buffer from the same kit and centrifuged
at 600 x g for 5 min at 4 °C. Antibodies against IL-10, TNF-o or IFN-y were
incubated for 30 min in 100 pL of permeabilization buffer from the same
kit. Finally, cells were washed with permeabilization buffer and PBS.
Cells were acquired with the flow cytometer FACS Canto-II (BD). Data
were analyzed using FlowJo software vX (Tree Star, CA) and reported as
percentage of viable cells (live/dead negative). B cell subsets studied
were: Memory (CD197CD24"CD387), Mature (CD19+CD24°"/
~CD38"°"/"), Transitional (CD19tCD24MCD38M), and Plasmablast
(CD19"CD24-CD38M).

2.5. Mononuclear cell culture

PBMC from controls and patients were cultured with 0.5 pg/mL anti-
CD3¢ (BD, clone HIT3a) and 1 pg/mL CD40L for 48 h. Cells were re-
stimulated with PIB at the last 5 h and immediately labeled and ac-
quired in a flow cytometer as previously described. Cultures were per-
formed in the presence or absence of 10 pg/mL anti-CDw210a (anti-IL-
10Ra, clone 3F9, BD). Results were reported as percentage of TNF-a" and
IFN-y* viable CD4" T cells.

2.6. Determination of cholesterol levels
Serum lipid profile (cholesterol, LDL and HDL) was determined on

Dimension RxL Max clinical chemistry system (DADE Behring, IL) in IPS
Universitaria (Universidad de Antioquia).

2.7. Human serum C reactive protein (CRP) levels
Serum CRP levels were measured by Human hsCRP ELISA (Bio-
vendor, Czech Republic) following manufacturer's instructions and using

an ELx800 Absorbance Microplate Reader (Biotek Instruments, VT) at
450 nm OD.

2.8. Statistical analysis

To compare the frequency of IL-10" B cells between patients and
controls, a Mann—Whitney test was performed. Correlations were
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performed with the Spearman correlation coefficient. Data was analyzed
in Prism 6.0 software (GraphPad, CA), and p values < 0.05 were
considered statistically significant. Data from cultures were evaluated
using Two-way ANOVA with multiple comparisons test of Sidak. All
comparisons were performed among the study groups; however, only
those that were statistically significant were highlighted in the figures.

3. Results

3.1. Increased frequency and number of plasmablasts in patients with
atherosclerosis

There were not differences in the frequency and number of total B
cells between patients with atherosclerosis and LCVR controls (Figure 1).
Total PBMC were analyzed according to the expression of CD19, CD24
and CD38 by flow cytometry in Transitional, Mature, Memory, and
Plasmablast subsets (Figure 2A). As expected, most of B cells correspond
to the mature phenotype (Figure 2B). A significant increase in the fre-
quency and number of plasmablasts in patients was observed compared
with LCVR controls (Figure 2B, C). The percentage of CD40" B cells was
lower in Transitional subset of patients compared with LCVR controls
(Figure 2D). There were no differences in the frequency of the evaluated
B cell subsets expressing CD80 and CD86 among patients and controls
(Figures 2E, F). Nor were any significant differences in the expression of
these molecules (mean fluorescence intensity, MFI) in the B cell subsets
of atherosclerotic patients compared with controls (Data not shown).

3.2. Low frequency of IL-10" B cells in atherosclerotic patients

Two different types of cultures were performed to evaluate IL-10
production by B cells, ex vivo and in vitro, as it was explained in
detail in Materials and Methods. Total B cells were selected from the
region of viable cells (Live/Dead negative) according to the expres-
sion of CD19 in a similar way as mentioned for Figure 2A. In all cases,
the selection of IL-10" cells in total B cells stimulated with CpG and
LPS was based on the detection of this cytokine in cells cultured only
with Brefeldin A (Figures 3A, B). As expected, in vitro culture allows
the detection of a higher percentage of IL-10" B cells, with both LPS
and CpG treatments, compared with ex vivo culture. Also, no differ-
ences were observed in the frequency of IL-10 positive B cells, be-
tween CpG and LPS stimuli (Figure 3). Decreased frequency of IL-10™
B cells was observed in PBMC of patients compared with LCVR con-
trols, after ex vivo and in vitro cultures and with both classes of stimuli
(Figures 3G, D).

3.3. Low frequency of IL-10™ cells in almost all B cell subsets of
atherosclerotic patients

To verify which B cell subset was associated with the changes
described in patients, the frequency of IL-107 cells in each B cell subset
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Figure 1. No changes in frequency and number of total B cells in patients with atherosclerosis. A. Frequency and B. number of B cells (CD19") in mononuclear cells.

Median and data from 15 LCVR and 20 patients are shown. Mann-Whitney test.
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Figure 2. Increased frequency and number of Plasmablasts in patients with atherosclerosis. A. Strategy of analysis of PBMC: Aggregate exclusion (Left), selection of
lymphocytes (Center-left), selection of B cells (CD19") (Center-right), and B cell subsets (Right) according to CD24 and CD38 expression. Transitional
(CD19"CD24"CD38M), Mature (CD19"CD24'°%/~CD38!°"/*), Memory (CD19*CD24"CD38 '°*/*) and Plasmablast (CD19"CD24 CD38™). B. Frequency and C. number
of B cell subsets. D-F. Frequency of D. CD40", E. CD80" and F. CD86 " cells on Transitional, Mature, Memory and Plasmablast subsets. Median and data from 15 LCVR
and 20 patients are shown. Mann—Whitney test. *p < 0.05.
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Figure 3. Decreased frequency of IL-10" B cells in patients with atherosclerosis. A-B. Representative pseudocolor plots of IL-10" B cells according to IL-10 and CD19
expression under A. ex vivo and B. in vitro cultures of mononuclear cells from a control. IL-10" B cells in cultures in absence (Left) or with re-stimulation with CpG
(Center) or LPS (Right) plus PIB in the last 5h in both type of cultures. Frequency of IL-10™ B cells under ex vivo and in vitro stimulations and re-stimulation with C. CpG

plus PIB and D. LPS plus PIB as showed in A and B. Median and data from 8 LCVR and 10-11 patients. Two-way ANOVA with Sidak post-test. *

0.001, **p < 0.01, and *p < 0.05.

was evaluated (Figure 4). In all B cell subsets, the decreased produc-
tion of IL-10 was detected in patients with atherosclerosis; however,
Transitional, Memory, and Plasmablast presented the lowest percent-
age of IL-10" B cells, compared with controls. Under CpG stimulation,
decreased frequency of IL-10" B cells was observed in Transitional,
Mature, and Memory subsets, but not in Plasmablast (Figure 4A);
whereas under LPS treatment, this reduction was detected in all B cell
subsets (Figure 4B). Interestingly, there was a negative correlation
between the frequency of IL-10" B cells and the levels of hsCRP in
serum, which was observed in total cells and in the different B subsets
and were more significant with the ex vivo culture data compared with
in vitro culture after LPS stimulus (Figure 5), and was not detected with
CpG data (Data not shown).

On the other hand, similar results were obtained after a further
analysis of B cell subsets including the evaluation of Immature cells
(CD19"7CD10™") (Data not shown).

wp < 0.0001 ***p <

3.4. Altered regulation of CD4 " TNF-o" and CD4"IFN-y™" cells by B cells
in atherosclerotic patients

To prove whether the decreased frequency of IL-10" B cells could
have any functional consequence in the activation of CD4" T cells, total
PBMC from patients and controls were cultured with T (anti-CD3¢) and B
stimuli (CD40L). The frequency of CD4" TNF-ot and IFN-y™ T cells was
increased in atherosclerotic patients compared with LCVR controls. This
difference was statistically significant only for TNF-a™ cells (Figure 6).
However, the addition of IL-10R blocking did not have any impact in the
frequency of TNF-a™ and IFN-y" CD4" T cells (Figure 6). These results
suggested that CD4™ T cells from patients had an increased inflammatory
response compared with controls, which seem to be related with less
regulatory function of B cells; however, the frequency of TNF-a and IFN-
y" CD4" T cells did not seem to be regulated through IL-10, since its
blockade had no effect on the cultures from patients and controls.
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Figure 4. Decrease in the frequency of IL-10" B cell subsets in patients with atherosclerosis. A-B. Frequency of IL-10™ B cell subsets under ex vivo and in vitro
stimulation and re-stimulation with A. CpG or B. LPS plus PIB in the last 5 h as described in Materials and Methods. Median and data from 8 LCVR and 10-11 patients.
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Figure 5. Correlations between the frequency of IL-10™ B cells and hsCRP levels in serum. Spearman correlation between serum hsCRP levels and the percentage of IL-
10" in total B cells and each B cell subset after A. ex vivo and B. in vitro cultures with LPS. Data from 7 controls (C) and 9-10 patients (P) are shown.

4. Discussion

Several studies have shown that white blood cells count associates
with acute infarction mortality [33] and is a predictor factor of recurrent
ischemic events [34]. Although we did not find differences in B cells
count between patients and controls, our results showed a significant
increase in the frequency and number of plasmablasts in patients
compared with LCVR controls, which could be relevant due to their role
as antibodies and cytokines producing cells. Even though there is not
consensus about the function of plasmablasts as cytokine producer cells
in humans, this function has been probed in mouse models [35]. There is
scarce information of the role of B cells in human atherosclerosis, some
studies have shown that high levels of B-cell specific cytokines such as
CCL7 and BAFF predict increased risk of death and recurrent myocardial
infarction [36]. This agrees with the main detection of mature B2 (con-
ventional) plasmablasts in arterial adventitia from atherosclerotic

patients [22]. These and our results suggest that B cells, and specifically
plasmablasts may play important roles in human atherosclerosis.

Some molecules such as CD80, CD86 and CD40 have been reported to
be necessary for regulation by B cells [25, 37]. CD40 molecule has been
described as relevant for stimulating B cells regulatory capacity, through
interaction with activated T cells expressing CD40L (CD154) [38]. Con-
trary to previous results from our group in apoE /™ mice with athero-
sclerosis [39], herein we showed a decreased percentage of transitional
CD40" B cells in patients compared with LCVR controls; which could
suggest that signaling through CD40 in this B cell subset [40] could be
altered in atherosclerotic patients. In accordance with this, it was
observed that patients with high percentages of CD40" B cell, exhibit a
lower risk of stroke [41]. Therefore, it is possible to speculate that the low
frequency of CD40™ cells observed in Transitional subset of patients with
atherosclerosis could contribute partially to the less percentage of IL-10™
B cells.
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Figure 6. Increase in the frequency of TNF-a* CD4" T cells in PBMC from patients with atherosclerosis. Culture of total PBMC from controls and patients with anti-
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and B. IFN-y" CD4" T cells. Median and data from 4 LCVR and 4 patients are shown. Two-way ANOVA with Sidak post-test. **p < 0.01 and *p < 0.05.

In addition, previous results from our group have shown that expo-
sure of mice B cells to hyperlipemic conditions is sufficient to promote
lipid accumulation in these cells and to down regulate CD19 surface
expression [42]. However, CD19 expression was not different between B
cells from patients and controls. This difference between mouse model
and human atherosclerosis could suggest differences in the effects of
circulating lipids on B cells between species or could be related with the
drug treatment that those patients receive.

IL-10 has been described as the main molecule involved in the
regulation executed by B cells [23, 24, 38]. As expected [25, 43], in vitro
culture allows the detection of a higher percentage of IL-10" B cells with
both LPS and CpG treatments compared with ex vivo culture; which is
explained because B cells are capacitated under in vitro culture, whereas
in ex vivo cultures we are detecting the IL-10 of in vivo capacitated cells.
Stimulation with CpG and LPS has been used in order to trigger the
regulatory capacity of Bregs [38, 44]. Decreased frequency of IL-10" B
cells was observed in PBMC of patients compared with LCVR controls,
after ex vivo and in vitro cultures and with both classes of stimuli. These
results showed that all B cell subsets of atherosclerotic patients have a
wide alteration in IL-10 production, which has been previously described
as protective in this disease [45].

Similar results have been reported in patients with systemic lupus
erythematosus [25], other chronic inflammatory disease in which
atherosclerosis development is accelerated [46]. Our group has reported
in apoE~/~ atherosclerosis mouse model an increase in IL-10" B cells
compared with control mice, showing that most of the evaluated IL-10" B
cell subsets presented an increased frequency in atherosclerotic mice
[301, contrary to the observation here in atherosclerotic patients. Inter-
estingly, lower capacity of one type or regulatory B cells (Tim1™) to
up-regulate IL-10 production after anti-BCR plus CpG stimulation was
previously reported in patients [47]. Although it is no clear what is the
function of IL-10 produced by B cells in atherosclerosis and the mecha-
nism involved in this defect, the reduction of IL-10" B cells in humans
could have an important impact in the pathophysiology of this disease
because IL-10 have a clear atheroprotective role [48].

In the same line of evidence, we also observed significant increased
frequency of TNF-a™ CD4" T cells in PBMC from patients with athero-
sclerosis, compared with controls. Also, even though not statistically
significant, we could observe a trend towards an increase in IFN-y" CD4™"
T cells. This could be explained by an altered regulatory capacity of B cell
subsets in atherosclerosis. However, the blockade of IL-10 apparently did
not induce any difference in the frequency of TNF-a-producing CD4" T
cells, which suggests that the regulation executed by B cells in athero-
sclerotic patients does not depend directly on this cytokine; so other

regulatory mechanisms of B cells could be altered in these patients that
need to be explored in further studies. However, it worth mentioning that
we cannot discard the effect of other cells than B cells in the evaluated
CD4 responses, since the experiments were performed in PBMC and that
this blocking antibody could have other biological effects that could
interfere in the observed results.

The hsCRP protein has been described as an inflammatory marker
related to atherosclerosis development. Levels of hsCRP in serum > 3 pg/
mL are used in the clinical setting as unspecific marker of inflammation,
infection, and tissue injury, associated with an acute-phase response and
is actually considered as a predictor factor of future cardiovascular events
[49]. As expected, significantly increased hsCRP levels were observed in
the serum of patients compared with controls (Table 1), suggesting that
under atherosclerosis there is an inflammatory state. Since we used LCVR
with similar age ranges to the atherosclerotic patients, we could also
suggest that control subjects selected based on Framingham score agreed
with the results of hsCRP, suggesting lower inflammatory state in these
subjects. We observed a negative and significant correlation between the
percentage of total IL-10" B cells and hsCRP levels in ex vivo and in vitro
cultures. This correlation was also detected in mature and memory B cells
in ex vivo cultures, showing that at higher levels of hsCRP there is lower
frequency of IL-10-producing B cells.

These results show a potential association of IL-10" B cells with the
inflammatory state of patients with atherosclerosis, as well as reveal
some differences in B cell phenotype between murine model and
atherosclerotic patients. In concordance with our results a reduction in
mRNA and protein levels of IL-10 was previously reported in athero-
sclerotic patients compared with healthy controls [22, 31]. However,
more research should be performed in order to confirm this apparent
anti-inflammatory role of Breg cells in human atherosclerosis and its
usage as possible targets of immunotherapy.

5. Conclusions

Patients with atherosclerosis present an increased number of plas-
mablasts in peripheral blood as well as a decreased frequency of IL-10" B
cells, both in ex vivo and in vitro cultures and in different B subsets; this
suggests the presence of a general deficiency in innate and adaptive
regulatory B cells of atherosclerotic patients; however, the regulatory
functions of these cells seem to be executed by other mechanisms
different than IL-10 production.

The low frequency of IL-10" B cells correlates directly with the high
inflammation status and increase cardiovascular risk (hsCRP) in patients
with atherosclerosis. This altered regulatory function could explain
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partially the predominant inflammatory responses described in athero-
sclerotic patients.
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