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Background: We explored the relation between blood concentrations of monocyte/lymphocyte subsets and ca-
rotid artery plaque macrophage content, measured by positron emission tomography (PET) with 11C-PK11195.
Methods and results: In 9 patients with carotid plaques we performed 11C-PK11195-PET/computed tomography
angiography imaging and measurement of absolute concentrations and frequencies of circulating monocytes
and T-cell subsets. Plaque standardized uptake value (SUV) for 11C-PK11195was negatively correlatedwith con-
centrations of total monocytes (r=−0.58, p= 0.05) and CD14++CD16−HLA-DR+ classical subset (r =−0.82,
p= 0.005). These correlations hold true also in relation to plaque target to background ratio. No correlation was
observed between plaque SUV and CD3+T lymphocytes, CD4+T lymphocytes nor with activated CD3+CD4+T
cells expressing HLA-DR.
Conclusions: We first demonstrated a reduction in the absolute concentration of monocytes and particularly in
classical monocytes expressing HLA-DR in the presence of an increased uptake of 11C-PK11195 in carotid
plaques. The present work, despite being a pilot study comprising only a small number of subjects provides
new insights in the search for specific cellular biomarkers with potential diagnostic and prognostic value in
patients with a known carotid plaque.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Monocytes are among the first cells to be recruited into dysfunc-
tional arterial walls, and are involved in atherosclerotic plaque forma-
tion and development [1]. Their contribution spans from secretion of
inflammatory mediators to local differentiation into lesional macro-
phages [2], that make up a large proportion of atherosclerotic plaque
enter, Niguarda Hospital, Piazza

y San Raffaele, Via Olgettina 58,

i), camici.paolo@hsr.it

cle.

. This is an open access article under
cell constituents [3]. Activated macrophages have been demonstrated
in vulnerable carotid plaques [4,5]. 11C-PK11195 is a selective ligand
for the translocator protein (18 kDa) (TSPO), which is highly expressed
in activated cells of the mononuclear phagocyte lineage [6]. Hybrid
imaging with positron emission tomography and computed tomogra-
phy angiography (PET/CTA) using 11C-PK11195 detects and quantifies
vascular inflammation [7,8], and discriminates between vulnerable
and non-vulnerable atherosclerotic lesions within the carotid arteries
[9], We recently demonstrated an inverse correlation between plaque
neovascularization, an index of plaque vulnerability, and blood concen-
trations of both pro-inflammatory CD14++CD16− classical monocytes
and activated CD4+HLA-DR+T cells in asymptomatic patients with
moderate carotid plaques [10,11]. Whether the reduction of circulating
classical monocytes is due to a potential redistribution of these cell
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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types into active lesions remains to be explored. In this proof of
principle study, we sought to explore the relation between peripheral
blood concentrations of classical monocyte subsets and carotid artery
plaque macrophage content, measured by PET/CTA with 11C-PK11195.

2. Methods

2.1. Study design and population

The population of the study consisted of 9 patients with carotid
plaques referred for routine carotid ultrasound evaluation (8 asymp-
tomatic subjects, 1 with a previous history of ischemic stroke). The
study was approved by the Ethics Committee of the San Raffaele
Institute and all patients signed a written consent. This substudy is
part of the IMaging Della PLAcca Carotidea (IMPLAC) study,
ClinicalTrials.gov registration number was NCT03333330 and EudraCT
number was 2012-000648-83.

2.2. Flow cytometry

Absolute concentrations of circulatingmonocytes and T-cell subsets
were assessed by flow cytometry on a LSRFortessa Flow Cytometer
(BD Biosciences) equipped with 5 lasers and standard optics. Whole
blood was collected on the same day of the ultrasonographic evalua-
tion using EDTA-anticoagulated vacutainer tubes. The samples were
stained and analyzed within 24 h of collection. CD3 and CD4 were
used to identify CD4+T cells. CD14 and CD16 were used to identify
classical, intermediate and non-classical monocyte subsets as previous
described following the classification of the International Union of
Immunologic Societies [4,12]: classical CD14++CD16− monocytes;
intermediate CD14+CD16+; non-classical CD14+CD16+ (representa-
tive case in Fig. 1). HLD-DR was used as a marker of cellular activation.
Absolute monocytes/T-cells concentration was obtained with the aid
of Flow-Count beads (Beckman Coulter) as previously described [10].
Frequencies of cellular subsets were also reported as percentage of
the total number of monocytes for monocyte subsets. Similarly,
frequencies were calculated for lymphocytes subsets.

2.3. 11C-PK11195-PET/CTA imaging

11C-PK11195-PET/CTA imaging of the carotid arteries was per-
formed according to the protocol previously described by our group
Fig. 1.Monocyte subsets identified by flow cytometry in a representative patient. Gating
strategy used to identify monocytes based on forward and orthogonal scatter; then
differential identification of monocytes subsets based on surface markers CD14
(antibody: PE-Cy7, M5E2, BD-Pharmingen), and CD16 (antibody: APC, B73.1, BD
Pharmingen). Classical monocytes are CD14++CD16−; intermediate monocytes are
CD14++CD16+; and non-classical monocytes are CD14+CD16+.
using a 64-slice CT scanner (VCT Lightspeed, GE Healthcare, USA)
administering non-ionic, iso-osmolar contrast Iodixanol (Visipaque
320; GE) [9].

2.4. Brain Magnetic resonance imaging

Asymptomatic patients (n = 8) underwent a brain MRI using a
1.5 Tesla scanner (ACHIEVA Philips Medical Systems) to assess the
presence of silent white matter hyperintensities (WMHs). The protocol
that was used has been previously described [13].

2.5. Statistical analysis

One-way Spearman's test was used for correlations. Correlations
with p b 0.05 were considered significant. All statistical analyses were
performed using GraphPad Prism 5 (GraphPad Software Inc., La Jolla,
USA).

3. Results

3.1. Patients' characteristics

Patients' clinical characteristics (5 men, median age 71 years,
interquartile [IQR] 65–76 years) are summarized in Table 1. Patients
had a median carotid stenosis of 60% (IQR 53%–70%) using European
Carotid Surgery Trial (ECST) method on CTA images and a median
main carotid plaque standardized uptake value (SUV) of 1.35 g/mL
(IQR 0.98–1.74 g/mL) and target-to-background ratio (TBR) of 0.94
(IQR 0.87–1.01) for 11C-PK11195 (representative case is reported in
Fig. 2A–C). Only 1 patient was symptomatic for ischemic stroke,
whereas the other 8 subjects were asymptomatic. Nevertheless, 7 out
of 8 (87.5%) asymptomatic patients presented brain WMHs, with a
median number of WMH of 23 (interquartile range [Q1–Q3]: 7–56).

3.2. Correlations between 11C-PK11195 plaque uptake and circulating
inflammatory cells

Plaque SUV for 11C-PK11195wasnegatively correlatedwith circulat-
ing concentrations of total monocytes (r = −0.58, p = 0.05), and in
particular with the CD14++CD16−HLA-DR+ classical monocytes (r =
−0.82, p = 0.005, Table 2 and Fig. 2D–E). A correlation was also
observed between the TBR in the main carotid artery plaques with
total monocytes (r = −0.58, p = 0.05) and CD14+CD16−HLA-DR+

classical monocytes (r = −0.58, p = 0.05). No significant changes in
the frequencies of total monocytes in relation to the whole blood
count or of CD14+CD16−HLA-DR+ classical monocytes in relation to
the total monocytes were observed (Table 2).

No correlation was observed between background SUV in the inter-
nal jugular vein and total monocytes (r = +0.05, p = 0.46) and
CD14++CD16−HLA-DR+ classical monocytes (r = −0.23, p = 0.28)
supporting the specificity of the signal observed in the plaque. Both the
Table 1
Clinical characteristics of the study population. Symptoms refer to previous his-
tory of cerebrovascular accidents. BMI = body mass index; SUV = standardized
uptake value; LDL = low density lipoprotein; HDL = high density lipoprotein;
Hs-CRP = high sensitivity C-reactive protein.

N 9

Sex (M/F) 5/4
Age (years) 71 (65–76)
Asymptomatic/symptomatic 8/1
BMI (Kg/m2) 25 (20–28)
Plaque SUV (g/mL) 1.35 (0.98–1.74)
Total cholesterol (mg/dL) 172 (156–182)
LDL cholesterol (mg/dL) 102 (91–112)
HDL cholesterol (mg/dL) 48 (40–58)
Hs-CRP (mg/dL) 1.56 (1.18–7.45)

http://ClinicalTrials.gov


Fig. 2. 11C-PK11195 carotid plaque uptake and graphs summarizing the main findings of the study. Panels A–C display PET/CT hybrid imaging of a plaque located at the right carotid
bifurcation in a representative patient. The plaque shows intense 11C-PK11195 uptake (white arrows). Panel D shows the significant negative correlation between plaque SUV for 11C-
PK11195 and circulating total monocytes, Panel E the correlation between SUV and CD14++CD16−HLA-DR+ activated classical monocytes and Panel F the absence of correlation
between plaque SUV and activated CD3+CD4+T cells expressing HLA-DR.
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count of CD14++CD16+HLA-DR+ intermediate and CD14+CD16+HLA-
DR+ non-classical monocytes negatively correlated with plaque SUV
(respectively r = −0.66, p = 0.03 and r = −0.65, p = 0.03), but the
correlation was not confirmed in relation with the plaque TBR
(Table 2). This finding was specific for monocytes; in fact, no correlation
was observed between plaque SUV and CD3+T lymphocytes, CD4+T
Table 2
Correlations between monocyte subpopulation and carotid plaque standardized uptake value
whole blood count.

Cellular populations Plaque SUV

r Spearman

Total monocytes (count) −0.58
Monocytes/WBC (%) 0.08
CD14++CD16− classical (% of monocytes) 0.57
CD14++CD16− classical (count) −0.25
CD14++CD16+ intermediate (% of monocytes) −0.05
CD14++CD16+ intermediate (count) −0.36
CD14+CD16+ nonclassical (% of monocytes) −0.48
CD14+CD16+ nonclassical (count) −0.73
HLADR+CD14++CD16− classical (% of monocytes) −0.50
HLADR+CD14++CD16− classical (count) −0.82
HLA-DR+CD14++CD16+ intermediate (% of monocytes) −0.53
HLA-DR+CD14++CD16+ intermediate (count) −0.66
HLA-DR+CD14+CD16+ nonclassical (% of monocytes) −0.17
HLA-DR+CD14+CD16+ nonclassical (count) −0.65
Total lymphocytes (count) −0.07
Lymphocytes/WBC (%) 0.22
CD3+CD4+ T cells (% of lymphocytes) 0.27
CD3+CD4+ T cells (count) 0.25
HLA-DR+CD3+CD4+ T cells (% of lymphocytes) 0.12
HLA-DR+ CD3+CD4+ T cells (count) 0.22

In bold are underlined correlations with a p-value of 0.05 or inferior.
lymphocytes nor with activated CD3+CD4+T cells expressing HLA-DR
(Table 2 and Fig. 2F), that were previously found to be reduced in pa-
tients with signs of neovascularization in carotid plaques [10]. Plaque
SUV of 11C-PK11195was not associated with other patients' characteris-
tics nor with inflammatory biomarkers (high-sensitivity C-reactive
protein [hs-CRP] and interleukin-6 [IL-6] levels).
(SUV) and target-to-background ratio (TBR). * indicates significant result. WBC indicates

Plaque TBR

p r Spearman p

0.05 −0.58 0.05
0.42 −0.33 0.19
0.06 −0.10 0.40
0.26 −0.47 0.11
0.46 −0.20 0.30
0.16 −0.40 0.13
0.10 0.12 0.39
0.01* 0.01 0.50
0.09 0.18 0.32
0.005* −0.58 0.05
0.07 −0.27 0.23
0.03* −0.38 0.15
0.34 0.28 0.23
0.03* 0.05 0.46
0.44 0.07 0.44
0.29 0.30 0.22
0.25 0.20 0.31
0.26 0.13 0.37
0.39 0.42 0.13
0.29 0.47 0.10
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4. Discussion

We described for the first time the reverse correlation between
total monocytes, and in particular the CD14++CD16−HLA-DR+

classical subset with the carotid plaque uptake of 11C-PK11195. 11C-
PK11195 selectively marks TPSO, that is expressed by activated
monocytes/macrophages. Total monocytes and CD14++CD16−HLA-
DR+ classical subset are decreased in patients with plaque activation
measured using a novel and specific non-invasive diagnostic tool
able to demonstrate the accumulation of activated mononuclear
cells within atherosclerotic lesions [9]. The fact, that 8 out of 9
patients were symptomatic or had silent WMHs (7/8 among those
patients without previous cerebrovascular events had WMHs)
supports the idea that the investigated carotid plaques can be
considered vulnerable, as suggested by the association between the
presence of WMHs with the risk of ischemic stroke [14,15]. The ob-
served reduction in the absolute concentration of circulating HLA-DR
expressing classical monocytes, in the presence of an increased
uptake of 11C-PK11195 in the plaques, supports the hypothesis that
selected monocytes subsets are recruited from the circulation into
more inflamed, vulnerable lesions, even if no demonstration of cell
tracking has been shown in this setting. Our data show an associa-
tion but are unable to implicate cell recruitment into the plaque as
it is not the only mechanism to explain the decrease in monocyte
counts. The phenotype of reduction of classical monocytes could re-
sult from their conversion into intermediate and eventually nonclas-
sical subsets in the circulation as described by Patel et al. [16].
Nevertheless, the frequencies of HLA-DR expressing classical, inter-
mediate and nonclassical monocyte subsets are not associated with
plaque SUV. In addition, we describe a negative correlation between
total monocytes and plaque SUV, a situation in which the reciprocal
conversion between different cellular subsets cannot be held respon-
sible. Thus, the explanation of monocyte conversion as a potential
mechanism to explain CD14++CD16−HLA-DR+ classical monocyte
reduction in patients with activated carotid plaque is less likely com-
pared with a reduction of this specific cellular subset from the blood
due to an accumulation in a potential target as the atherosclerotic
plaque. Furthermore, this finding seems specific for activated mono-
cyte subsets since no association was found between plaque 11C-
PK11195 uptake and reduction of circulating activated CD4+HLA-
DR+T cells. The present finding appears in line with our previous
study that have shown a reverse association between circulating
classical monocytes and presence of signs of neovascularization in
patients with asymptomatic carotid plaques, demonstrated by the
use of contrast enhanced ultrasound (CEUS) [10]. In fact, it has
been shown that plaque vascularization measured by CEUS correlates
positively with fludeoxyglucose (FDG) uptake measured by PET/CT in
humans, suggesting an association between vascularization and
inflammation [17]. Of note, in the present study the ligand used to
measure the plaque activity was specific for the detection of
activated monocytes [9]. Thus, it is not surprising that we did not
observe a reverse correlation also with CD4+HLA-DR+T cells. On
the contrary in a previous study, we have shown a decrease of
circulating CD4+HLA-DR+T cells in patients with carotid plaques
with signs of plaque vascularization measured by CEUS [11]. Finally,
no association was found between plaque SUV and hs-CRP or IL-6
further supporting the concept that these markers are not sufficient
to identify patients with activated plaques [18], whereas specific cel-
lular biomarkers appear more promising.

In conclusion, positive studies investigating the relation between
signs of plaque activation by means of molecular marker of inflamma-
tion (i.e. TPSO) and specific monocytic subsets are limited [18]. Thus,
the present work, despite being a pilot study comprising only a small
number of subjects provides new insights in the search for specific
cellular biomarkers with potential diagnostic and prognostic value in
patients with known carotid plaque.
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