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Abstract. Purpose: Several histopathological studies have
demonstrated that vulnerable plaques are enriched in
inflammatory cells. The aims of this study were: (1a) to
test the ability of 99mTc-labelled interleukin-2 (99mTc-IL2)
to bind to IL2R-positive (IL2R+) cells in carotid plaques
and (1b) to correlate the plaque uptake of 99mTc-IL2,
measured in vivo, with the number of IL2R+ cells within
the plaque, measured ex vivo by histology (transversal
study, TS), and (2) to evaluate changes in 99mTc-IL2
uptake in plaques, before and after treatment with a statin
or a hypocholesterolaemic diet (longitudinal study, LS).
Methods: Ultrasound scan was performed for plaque
characterisation and localisation. Fourteen patients (16
plaques) eligible for endoarterectomy were recruited for
the TS and underwent 99mTc-IL2 scintigraphy before
surgery. Nine patients (13 plaques) were recruited for the
LS; these patients received atorvastatin or a standard
hypocholesterolaemic diet and 99mTc-IL2 scintigraphy was
performed before and after 3 months of treatment.
Results: The degree of 99mTc-IL2 uptake was expressed as
the plaque/background (T/B) ratio. In patients from TS, T/B
ratios correlated with the percentage of IL2R+ cells at
histology (r=0.707; p=0.002) and the number of IL2R+
cells at flow cytometry (r=0.711; p=0.006). No correla-
tions were observed between ultrasound scores and either
scintigraphic or histological findings. In patients from the
LS, the mean 99mTc-IL2 uptake decreased in statin-treated
patients (1.75±0.50 vs 2.16±0.44; p=0.012), while it was

unchanged in the patients on the hypocholesterolaemic
diet (2.33±0.45 vs 2.34±0.5).
Conclusion: 99mTc-IL2 accumulates in vulnerable carotid
plaques; this accumulation is correlated with the amount of
IL2R+ cells and is influenced by lipid-lowering treatment
with a statin.

Keywords: Carotid arteries – Inflammation –
Interleukin-2 – Plaque

Eur J Nucl Med Mol Imaging (2006) 33:117–126
DOI 10.1007/s00259-005-1899-4

Introduction

Recent studies have definitively demonstrated that athero-
sclerosis is to be considered an inflammatory disease [1].
Moreover, there is evidence that the activation of the
inflammatory process within the plaques plays a crucial
role in promoting plaque rupture and clinical events [2, 3].
Atherosclerotic plaques causing clinical events are often
called “vulnerable” or “unstable” [4], and histopathological
studies have demonstrated that in these plaques at least
20% of infiltrating cells are lymphocytes, most of which
are activated [3, 5, 6]. Activated T lymphocytes can
stimulate macrophages to produce metalloproteases, caus-
ing plaque instability [7]. Against this background, non-
invasive in vivo detection of activated lymphocytes and
monocytes in atherosclerotic plaques could provide useful
information permitting identification of plaques prone to
rupture or complications.

Many radiological techniques are currently used for the
diagnosis of atherosclerotic plaques, including angioscopy,
angiography, intravascular ultrasonography, echo-Doppler,
computed tomography (CT) scan and magnetic resonance
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imaging (MRI). All these techniques, however, can only
evaluate morphological alterations of vessels, such as
reduction of the lumen or thickening of the vessel wall.
Nevertheless, MRI is able to provide information on plaque
composition, but not on the nature and presence of in-
filtrating cells [8].

As far as nuclear medicine techniques are concerned,
many tracers have been proposed for the study of ath-
erosclerotic plaques, including 99mTc-labelled low-density
lipoproteins [9–12], 18F-fluorodeoxyglucose (18F-FDG)
positron emission tomography (PET) [13–18], 99mTc-
annexin-V [19], 111In-human polyclonal immunoglobulins
[20], 99mTc-antisense oligonucleotides [21] and others [22].

IL2 is a cytokine that acts by binding to its receptor
(IL2R), expressed mainly on activated T lymphocytes [23].
Scintigraphy with 123I- or 99mTc-labelled IL2 has been used
to image chronic inflammatory disorders [24, 25].

The main aim of the present study was to evaluate
whether 99mTc-IL2 is taken up by carotid plaques in vivo
and whether the degree of uptake correlates with either
histological/cytological or ultrasound plaque features.
Furthermore, in an interventional study, we evaluated
whether the degree of 99mTc-IL2 uptake was influenced by
lipid-lowering therapy with a statin or a hypocholester-
olaemic diet.

Materials and methods

Patients

Two groups of patients were enrolled in this study. Group A
(transversal study) comprised 14 patients (16 plaques) (ten males and
four females; age 74.6±8.7 years) with carotid atherosclerosis who
showed a stenosis of more than 80% and were candidates for
endoarterectomy (the inclusion criteria). Table 1 summarises the
main clinical features of these patients. Group B (longitudinal study)
comprised 11 patients with carotid atherosclerosis who had a stenosis
of less than 80% and who presented an ultrasound pattern of
“vulnerable” plaques (the inclusion criteria). Six were randomly
assigned to atorvastatin, a synthetic lipid-lowering agent acting via
hydroxymethylglutaryl Co-A (HMG-CoA) reductase inhibition, and
five, to a hypocholesterolaemic diet. Two patients on the diet exited
the study during the follow-up because they refused to maintain the
diet. Therefore the final analysis was performed in nine patients (13
plaques) (four males and five females; age 64±6 years). In this group,
all patients were receiving aspirin at the time of inclusion. Clinical
data are also summarised in Table 1. Six patients (eight plaques)
received atorvastatin 20 mg/day and the remaining three patients
(five plaques) received a standard hypocholesterolaemic diet for 3
months. Their serum lipid profile [total cholesterol, low-density
lipoprotein (LDL) and high-density lipoprotein (HDL) cholesterol]
was evaluated before and after therapy.

The present study was approved by the local ethical committee.
All subjects gave their written informed consent before entering the
study.

Table 1. Clinical features of patients from groups A and B at time of enrolment

Patient (PN) Age (yrs) Sex CHO (mg/dl) TG (mg/dl) Therapy Diabetes Smoker Hypertension TIA/stroke

Group A
M.F. (1) 87 M 210 157 Ticlopidine, simvastatin Yes No Yes No
P.G. (2) 65 F 195 88 Aspirin No Yes Yes No
G.G. (3) 73 M 190 94 None Yes Yes No No
G.E. (4) 83 M 215 110 None No No Yes No
B.F. (5) 72 M 220 125 Aspirin No Yes Yes No
A.E. (6, 10) 72 F 205 155 Ticlopidine, simvastatin No No Yes No
S.V. (7) 86 F 198 96 Aspirin Yes No Yes Yes
B.V. (8) 76 M 215 156 Aspirin Yes No Yes Yes
C.M. (9) 71 M 190 141 Ticlopidine No No Yes Yes
B.C. (11) 54 F 235 174 None Yes No Yes No
C.G. (12) 70 M 188 122 None Yes Yes Yes No
D.P. (13) 76 M 198 135 Ticlopidine No Yes No No
G.L. (14, 15) 80 M 190 128 Aspirin Yes Yes Yes Yes
P.A. (16) 80 M 157 165 Aspirin Yes Yes No Yes
Group B
M.I. (1) 66 M 223 90 Aspirin No No No No
M.R. (2) 62 F 223 85 Aspirin No No Yes No
P.M. (3) 55 F 318 74 Aspirin No No No No
G.E. (4, 5) 60 F 256 151 Aspirin No No No No
M.G. (6, 7) 56 F 259 162 Aspirin No No No No
D.E. (8) 73 F 290 155 Aspirin Yes No No No
F.L. (9, 10) 65 M 244 152 Aspirin No No No No
C.L. (11) 74 M 143 96 Aspirin Yes No No No
B.B. (12, 13) 64 F 243 118 Aspirin No No No No

PN plaque number, CHO total cholesterol, TG triglycerides, TIA transient ischaemic attack
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Ultrasound studies

An ultrasound study was performed in all patients at the time of
enrollment in order to identify plaque structure and size and to
position a skin marker at the level of the carotid bifurcation. The
carotid arteries were examined by B-mode ultrasound, combining
high-resolution imaging and Doppler spectral analysis, with the use
of a high-frequency imaging probe (7.5–9 MHz) and a Siemens
Sonoline Omnia System (Siemens Medical Solutions USA, Inc.,
Malvern, PA, USA).

In group A patients, plaques were classified by means of their
echostructure, according to standardised published methodology
[26]:

Class I
=uniformly anechogenic

Class II
=predominantly hypoechogenic with >50% hypoechogenic area

Class III
=predominantly echogenic with >50% echogenic area

Class IV
=uniformly echogenic

Class V
=unclassified plaques

The luminal surface was also characterised as follows:

1 =regular
2 =irregular, with recess between 0.4 and 2 mm in depth and width
3 =irregular with recess of more than 2 mm in depth and width
4 =unclassified

For group B, only patients showing plaques with an echostructure
of class II–IV and a luminal surface of class 3 were recruited.

99mTc-IL2 scintigraphy

Radiolabelling of IL2 was performed using a two-step technique as
previously described [27]. Briefly, the N3S bifunctional chelating
agent S-tetrahydropyranylmercaptoacetyl (thio-2,3,5,6 tetrafluoro-
phenyl)-adypoilglycylglycine was first complexed with 99mTc at
80°C for 20 min at pH 1.8 and then conjugated to the protein at pH
9.5, at room temperature, for 45 min. After labelling, 99mTc-IL2 was
purified from 99mTc-pertechnetate and from other non-IL-2 impu-
rities by reverse phase chromatography using 0.1 g tC2 columns
(Sep-Pak, Waters, Milford, MA, USA) eluted with acidified ethanol.
The radiochemical purity of the protein was tested by instant thin-
layer paper chromatography and trifluoroacetic acid precipitation
[27].

99mTc-IL2 scintigraphy was performed in all patients of group A,
3–5 days before surgical endoarterectomy. In group B, 99mTc-IL2
scintigraphy was performed both before and after 3 months of
treatment with atorvastatin or hypocholesterolaemic diet. Planar and
tomographic (single-photon emission computed tomography;
SPECT) images of the neck were acquired 60 min after intravenous
injection of 111–185 MBq of 99mTc-IL2. The acquisition time had
previously been optimised in preliminary studies [24, 25]. On the
basis of ultrasound scanning, a skin marker was drawn over the
plaque for better localisation. The clinician who performed the anal-
ysis of scintigraphic images was unaware of the patient’s clinical
data. SPECT image analysis was performed by tridimensional re-
construction and correction for deep attenuation, using a Hanning
filter and an attenuation coefficient of 0.125 cm−1. Eight to ten
transaxial sections, each 2 cm thick, were reconstructed from the

origin of the common carotid upwards. 99mTc-IL2 uptake was
calculated at the level of the carotid bifurcation, behind the
submandibular salivary gland: a circular region of interest (ROI)
was drawn over this area (also identifiable by a skin marker
previously positioned using ultrasound) and a similar ROI was drawn
over the spinal bone marrow as background. In order to quantify the
degree of 99mTc-IL2 uptake, a carotid plaque to background
radioactivity ratio (T/B) was calculated after normalising ROI counts
per ROI size.

Endoarterectomy and carotid artery preparation

Endoarterectomy was performed in all patients from group A, 5–7
days after the 99mTc-IL2 scan. Surgery was performed under general
anaesthesia using conventional carotid endoarterectomy involving
longitudinal arteriotomy, plaque extraction and closure of the ar-
teriotomy without a patch. Patient nos. 6 and 14 were recruited twice
at an interval of 3–6 months because they were re-operated on the
contralateral artery. After surgery, carotid plaque was put in saline
and immediately processed as recently described by Bonanno et al.
[28]. Briefly, carotid specimens were opened longitudinally and
examined in order to assess the presence of thrombi and ath-
erosclerotic plaques. From each sample, seven sections of 2-μm
thickness were cut, one at the beginning, five in the middle and one at
the end of the lesion; all sections were fixed in formalin and paraffin
embedded for morphological studies such as cell population de-
termination and measurement of intimal thickness. The remainder of
the carotid sample, including the inner media and the atherosclerotic
plaque, was extensively washed in phosphate-buffered saline (PBS)
to remove blood cells adherent to the surface of the plaque, minced
into fine pieces and digested overnight at 37°C with type I
collagenase (Sigma Chemical Co., St. Louis, Mo, USA) at 900
units/ml in RPMI 1640 tissue culture medium supplemented with
10% foetal calf serum. The resulting cell suspension containing all
cells initially present in atherosclerotic plaque and intima was filtered
through a 150 mesh nylon net, washed in PBS and stained for flow
cytometry. Cell death associated with the incubation procedure was
negligible (cell viability 95% by trypan blue exclusion test), and the
incubation procedure did not affect the cell antigenic properties or
cause detectable cell activation, as previously described. After
collagenase digestion, the inner media remaining undigested was
removed, thus avoiding contamination from smooth muscle cells
from the arterial wall.

Flow cytometry analysis of digested plaques

Flow cytometry was performed as described elsewhere [28]. Briefly,
the following antigens were tested: CD3 for T lymphocytes, CD19
for B lymphocytes, factor VIII for endothelial cells, CD68 for
monocytes/macrophages, α-smooth muscle actin-1 (SMA) for
smooth muscle cells and CD25 for IL2R-positive cells. Since in
the first five plaques, monoclonal antibodies to CD19 and factor VIII
did not demonstrate any significant labelling, only monoclonal
antibodies to CD3, CD68, SMA and CD25 were used for all other
patients. Therefore, each suspension was divided into five aliquots
containing at least 10×104 cells each in order to assess: (1) unstained
cells (negative control); (2) non-specifically stained cells [a mixture
of phycoerythrin (PE) and fluorescein isothiocyanate (FITC)
secondary conjugated antibodies]; (3) CD3/SMA (double labelling:
CD3 PE-labelled and SMA FITC-labelled monoclonal antibodies);
(4) CD68 (FITC-labelled monoclonal antibodies); (5) CD25 (FITC-
labelled monoclonal antibodies). Anti-human CD3, anti-human
CD68 and anti-human CD19 were used at a dilution of 1:100
(Dako, Glostrup, Denmark); anti-α-SMA and anti-factor VIII at a
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dilution of 1:100 (Sigma, St.Louis, MO, USA); and anti-human
CD25 at a dilution of 1:50 (Neomarker/Lab Vision CA, USA).
Peripheral blood mononuclear cells isolated by Ficoll-Paque
(Pharmacia, Uppsala, Sweden) gradient centrifugation from periph-
eral blood of healthy donors were used as positive controls for
lymphocytes and monocytes, and smooth muscle cells isolated by
elastase digestion from human carotid media were used as positive
controls for smooth muscle cells.

After three washes in PBS, all cell suspensions were analysed
with a flow cytometer (Coulter Epics XL; Coulter Corporation,
Hialeah, FL, USA) equipped with an air-cooled, 15-mW argon ion
laser operating at 488 nm. The forward scatter, the side scatter and the
fluorescent intensity and compensation were set using both positive
and negative controls. Data were analysed using the Listmode
Analysis of the Epics CL software. The amount of each cell
population was calculated counting the positive events after
subtraction from the non-specific events falling in the region of the
positive control. The whole cell population was obtained by
summing positive events for CD3, CD68 and α-SMA subpopula-
tions. Single subsets were also quantified as percent values.

A quality control panel was developed both for testing the quality
of the specimens and for setting the side and forward scatters, the
intensity of fluorescence and the colour compensation. The quality
control panel included: peripheral blood mononuclear cells, cultured
human smooth muscle cells from tunica media and cell plaque
samples stained with an irrelevant antibody or with secondary
conjugated antibodies omitting the primary antibody.

Immunohistochemistry for conventional and confocal microscopy

To characterise the cell populations of plaques, single-label immu-
nohistochemistry was also performed on four of the five sections
obtained from the centre of the plaque. Sections were deparaffinised
and endogenous peroxidase activity was blocked with H2O2. Primary
antibodies (anti-human CD3, dilution 1:100, Dako, Glostrup,
Denmark; anti-human CD68, dilution 1:100, Dako, Glostrup,
Denmark; anti-α-SMA, dilution 1:100, Sigma, St.Louis, MO,
USA; anti-human CD25, dilution 1:50 Neomarker/Lab Vision CA,
USA) were applied for 1 h at room temperature followed by a
secondary antibody incubation (biotinylated goat anti-mouse, dilu-
tion 1:40, or goat anti-rabbit, dilution 1:20) for 30 min at room

temperature. Then, avidin-biotin amplification (ABC kit, Dako,
Glostrup, Denmark) was applied for 30 min at room temperature.
Incubation with 0.1% 3′,3′-diaminobenzidine (Dako, Glostrup,
Denmark) and H2O2 at room temperature for 5–10 min produced a
brown reaction pigment. Light haematoxylin counterstaining was
used to visualise all nuclei in the tissue sections. One section was
incubated with a mixture of irrelevant monoclonal reagents with a
similar isotype, as negative control.

The number of positive cells for each antibody was counted at a
magnification of ×40 in the plaque shoulder region and in the cap
itself using a grid with an area of 0.22 mm2. A mean of ten randomly
selected fields were counted for each section.

Statistical analysis

Calculated T/B ratios (from analysis of SPECT images) were
correlated with histological results (obtained on both sections and
flow cytometry) using regression analysis (group A). Ultrasound
scores were correlated with the scintigraphic score and with
histological findings by Spearman’s rank test (group A).

Differences between T/B ratios and between LDL cholesterol
before and after treatment were analysed by Wilcoxon test (group B).

Results

Transversal study

On visual inspection of planar images, clearly defined
99mTc-IL2 uptake was observed in eight plaques (seven
patients). Analysis of SPECT sections allowed definite
plaque visualisation in 14 out of 16 plaques (Fig. 1).
Table 2 reports the individual T/B ratios calculated on
SPECT sections as well as the ultrasound features of
patients participating in the transversal study. The T/B
ratios ranged from 1.6 to 3.47 with a mean of 2.50±0.52. It
is noteworthy that no significant correlations were ob-
served between T/B ratios and the plaque echostructure or

Fig. 1. 99mTc-IL2 scintigraphy
in two patients with a plaque in
the right (a) and the left (b)
carotid. Images are transaxial,
sagittal and coronal views at the
level of the carotid bifurcation.
Calculated T/B ratios were 3.47
and 2.63, respectively. After
surgery, these plaques showed
40% (a) and 20% (b) of CD25+
cells at cytometry. Images also
show the ROIs used for calcu-
lation of the T/B ratio in trans-
axial sections (yellow circle,
target; green circle, background)
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the luminal surface as assessed by ultrasound (Spearman
rank test).

The results of flow cytometric and morphometric stud-
ies are also summarised in Table 2. CD25+ cells were
found at cytometric analysis in all plaques studied, al-
though with a wide range of variability (from 0.5% to 40%
of total plaque cells). Moreover, we observed that CD25

was expressed not only on the surface of T lymphocytes
and macrophages, but also in other cell populations,
particularly on smooth muscle cells (Fig. 2). A significant
correlation was observed between T/B ratios (calculated on
SPECT images) and the following three cyto-morpho-
metric parameters: the percentage of IL2R-positive cells on
histology (r=0.707; p=0.002), the percentage of IL2R-

Table 2. Cyto-histological, scintigraphic and ultrasound parameters of plaques from group A patients

Plaque FACS Immunohistochemistry US score 99m Tc-IL2

Cells (no.) CD25+ (%) CD25+ (no.) CD25+ (%) CD25-positive cells Class Type T/B ratio

1 200,000 20.0 40,000 30 All plaque and tunica media cells 3 2 2.63
2 250,000 5.0 12,500 10 SMC 2 2 2.58
3a – – – 25 SMC, endothelial cells 3 2 3.13
4 100,000 9.0 9,000 10 SMC ND ND 2.35
5 350,000 40.0 140,000 60 All plaque and tunica media cells 1 2 3.47
6 200,000 6.3 12,600 5 Foam cells 2 2 2.30
7 50,000 0.5 250 0 No inflammatory cells 2 1 1.89
8 50,000 0.5 250 0 No inflammatory cells 2 2 2.20
9 50,000 1.5 750 5 Lymphocytes, endothelial cells 2 2 1.94
10 70,000 2.3 1,610 5 Lymphocytes, endothelial cells 3 2 2.00
11a – – – 0 No inflammatory cells 3 2 1.60
12a – – – 25 Lymphocytes, foam cells, SMC 3 3 2.39
13 100,000 5.0 5,000 5 Lymphocytes 2 3 2.61
14 180,000 10.0 18,000 10 Lymphocytes, SMC 4 3 3.12
15 140,000 7.5 10,500 10 Lymphocytes, SMC 4 3 2.84
16 190,000 12.0 22,800 15 Lymphocytes, macrophages 1 1 3.00

Plaques no. 6 and 10 both relate to patient A.E. and plaques no. 14 and 15 both relate to patient G.L. (cf. Table 1)
ND not done, SMC smooth muscle cells, CD25+ IL2 receptor-positive cells, FACS fluorescent activated cell sorter
a Flow cytometric analysis of these plaques was not performed due to technical problems related to the low number of cells available

Fig. 2. Histological analysis of a
carotid plaque showing 25% of
CD25+ cells. Upper image:
haematoxylin/eosin staining.
Lower images: immunoperoxi-
dase staining with a monoclonal
antibody anti-CD25. CD25
positivity was detected on lym-
phocytes (lower right image)
and on smooth muscle cells
(lower left and central images)
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positive cells on flow cytometry (r=0.711; p=0.006) and
the absolute number of IL2R-positive cells on flow cy-
tometry (r=0.774; p=0.002) (Fig. 3). No significant
correlation was observed between plaque echostructure or
luminal surface type as assessed by ultrasound and the
percentage of CD25-positive cells (Spearman rank test).
The mean 99mTc-IL2 uptake on carotid plaques and the
percentage of IL2R-positive cells at histology were both
significantly higher in smokers (2.89± 0.36 vs 2.11±0.32,
p=0.002, and 20.0±17.7% vs 6.9± 9.9%, p=0.025,
respectively).

Longitudinal study

On visual inspection of planar images, clearly defined
99mTc-IL2 uptake was observed in five plaques (three
patients). Analysis of SPECT sections allowed definite
plaque visualisation in nine out of 13 plaques. In patients
belonging to group B, T/B ratios at entry were comparable

to those observed in group A, ranging from 1.49 to 3.02
with a mean of 2.23±0.46. This suggested that there were
no significant differences between the groups in terms of
the amount of IL2R-positive cells in carotid plaques.

As expected, treatment with atorvastatin resulted in a
significant 38% reduction in the LDL cholesterol level
(97.17±17.17 mg/dl vs 179.00±35.45 mg/dl; p=0.028)
(Fig. 4c). In contrast, in patients who received dietary
recommendations, no changes were observed in the LDL
cholesterol level (158.67±44.09 mg/dl vs 146.00±55.75
mg/dl; p=NS).

The mean 99mTc-IL2 uptake in plaques decreased
significantly in patients treated with atorvastatin (1.75±
0.50 vs 2.16±0.44; p=0.012), while it was unchanged in
those on a hypocholesterolaemic diet (2.33±0.45 vs 2.34±
0.5). In particular, while a reduction in the T/B ratio was
observed in eight out of eight plaques of patients after
therapy with atorvastatin, in patients treated with diet the
uptake was increased in two, decreased in two and un-
changed in one (Fig. 4a,b).

Fig. 3. Correlation of T/B ratios
on SPECT sections with the
percentage of IL2R-positive
(CD25+) cells at histology (a)
and with the absolute number
of CD25+ cells obtained after
plaque digestion and flow
cytometry (b)
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Discussion

The major finding of the present study was that the amount
of 99mTc-IL2 taken up by carotid plaques correlated
strongly with both the percentage and the absolute number

of IL2R-positive cells isolated by cytofluorimetry in the
plaque, indicating that this imaging modality can allow
non-invasive in vivo quantification of plaque inflamma-
tion. Many data indicate that structural changes following
inflammatory damage within the plaque are critical in

Fig. 4. a,b99mTc-IL2 uptake in
carotid plaques before and after
atorvastatin (a) or hypocholes-
terolaemic diet (b). c Serum
LDL values before and after
atorvastatin treatment or hypo-
cholesterolaemic diet
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promoting plaque rupture [2, 3], and our results suggest
that 99mTc-IL2 scintigraphy is a useful tool to identify
“vulnerable” plaques which are more prone to cause
clinical events. Another important finding is the observa-
tion that, in our patient cohort, the mean 99mTc-IL2 uptake
in carotid plaques was significantly higher in smokers than
in non-smokers, while it was not associated with other
stroke risk factors like hypertension, hypercholesterolae-
mia and diabetes. A similar association with smoking status
was also observed with the percentage of IL2R-positive
cells found at histology and, although not statistically
significant, with the percentage and absolute number of
IL2R-positive cells found at flow cytometry. These
findings support an influence of cigarette smoking on
plaque inflammation, as also reported by others [29].

Considering that a certain degree of 99mTc-IL2 uptake
could be measured in the majority of plaques studied, it
would be important to define a T/B cut-off value of clinical
significance. This could be particularly useful in symp-
tomatic patients bearing carotid stenoses (angiographically
evaluated) of less than 70% or in asymptomatic patients
with stenoses greater than 70%, both situations in which
endoarterectomy intervention is not considered mandatory
[30, 31].

Despite the high correlation between the uptake of
99mTc-IL2 and the number of IL2R-positive cells described
above, the results of cytofluorimetry studies revealed that
within plaques, IL2Rs are expressed not only on inflam-
matory cells (lymphocytes and monocytes) but also on
smooth muscle cells, the major population of cells obtained
after plaque digestion. This finding has already been
reported in atopic asthmatic serum-sensitised smooth
muscle cells [32]. In this respect, it has also been postulated
that direct cell–cell and cytokine-mediated interactions
between activated leucocytes and injured vascular cells
could lead to the proliferation of smooth muscle cells [33].
Several reports have also suggested that smooth muscle
cells within the plaque show a “synthetic” phenotype,
being able to produce cytokines and growth factors,
including transforming growth factor-β, basic fibroblast
growth factor (β-FGF) and vascular endothelial growth
factor (VEGF), and to respond to platelet-derived growth
factor (PDGF) or to other possible growth stimulators [1].

Another interesting observation of our study is that the
ultrasound characteristics of plaques did not show any
correlation with the amount of detectable expression of
CD25 (as evaluated by histology) or the scintigraphic
results. Thus, some patients classified as being at high risk
of plaque rupture by ultrasound showed low CD25 ex-
pression and vice versa. This finding deserves further
investigation before a conclusion is drawn, but it may not
necessarily be a discrepancy and could be explained by the
existence of different types of vulnerable plaque [34]. This
evidence rather suggests that the concomitant use of
radiological techniques, such as ultrasound and MRI, that
are able to detect “morphological” aspects of vulnerable
plaques (sub-occlusive thrombi, intra-plaque haemorrhage
etc.) and nuclear medicine techniques that address
“physiopathological” aspects of plaque vulnerability (lym-

phocyte/macrophage infiltration, smooth muscle cell amount
etc.) may be advisable to increase the specificity of de-
tection of vulnerable plaques.

Several other approaches have been proposed for the
imaging of vulnerable plaques: the use of radiolabelled
LDLs, and of oxidised LDLs in particular, has been
considered optimal to obtain histopathological information
of the plaque, considering that they specifically bind to the
scavenger receptor expressed by macrophages [10]. In fact,
labelled LDLs, or oxidised LDLs, accumulate in infiltrated
but not in fibrocalcific plaques, which are considered at
lower risk for acute ischaemic events [12]. Thus, oxidised
LDL scintigraphy may be useful for the detection of plaque
instability. However, purification and labelling of autolo-
gous LDLs can be performed only in a few specialised
centres. Moreover, labelled LDLs do not provide any
information on the presence of infiltrating T lymphocytes
that are the pathogenetic cause of macrophage activation
and plaque vulnerability [2, 3, 6]. 99mTc-annexin-V has
been proposed for the visualisation of apoptotic macro-
phages on atherosclerotic lesions in the hypercholester-
olaemic rabbit. The degree of 99mTc-annexin-V uptake has
been found to correlate directly with the lesion severity and
macrophage content [19]. Nevertheless, it is not clear
whether apoptotic macrophage content can be representa-
tive of vulnerability.

Other investigators have reported imaging of vulnerable
plaques using 18F-FDG PET in both humans [14–17] and
animal models [13, 18]. Although 18F-FDG seems a very
promising and easily available radiopharmaceutical for
imaging atheromas, it must be considered that it is a non-
specific agent. Indeed, its uptake in large plaques correlates
with the presence of both macrophages and smooth muscle
cells but also with patient age and cholesterol levels. Thus,
18F-FDG tends to reflect the metabolic status of the plaque
whereas 99mTc-IL2 shows the presence of activated
lymphocytes/monocytes/macrophages and smooth muscle
cells expressing the CD25 receptor, and is thus a true
marker of plaque instability. The use of PET and PET/CT
scanners significantly improves plaque detection, and it is
to be welcomed that in future 18F-labelled IL2 will be
available.

Finally, we demonstrated that the uptake of 99mTc-IL2,
expressed as the T/B radioactivity ratio, decreases sig-
nificantly after treatment with atorvastatin. Although the
study population comprised a small number of patients, our
data support previous findings demonstrating a favourable
effect of statins on plaque stabilisation [35] and in par-
ticular the supposition that statins may directly modulate
inflammation within the plaque.

In summary, our results show that 99mTc-IL2 scintigra-
phy is able to detect the presence of inflammation in carotid
plaques and allows monitoring of changes in such inflam-
mation during treatment. Possible limitations to the use of
99mTc-IL2 scintigraphy for carotid plaque visualisation are,
on the one hand, the complexity of IL2 labelling and
purification and, on the other hand, the lack of anatomical
detail and the low resolution of gamma camera imaging for
small objects. In view of these limitations, IL2 labelling
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with 18F is under development. The use of PET/CT or
SPECT/CT technology could allow better plaque detection
and localisation.
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