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Abstract
Purpose Recent advances in basic science have established
that inflammation plays a pivotal role in the pathogenesis of
atherosclerosis. Inflammatory cells are thought to be respon-
sible for the transformation of a stable plaque into a vulnerable
one. Lymphocytes constitute at least 20 % of infiltrating cells
in these vulnerable plaques. Therefore, the interleukin-2 (IL-
2) receptor, being overexpressed on activated T lymphocytes,
may represent an attractive biomarker for plaque vulnerability.
The aim of this study was to evaluate the specificity of
radiolabelled IL-2 [99mTc-hydrazinonicotinamide (HYNIC)-

IL-2] for imaging the lymphocytic infiltration in carotid
plaques in vivo by planar and single photon emission com-
puted tomography (SPECT)/CT imaging and ex vivo by
microSPECT and autoradiography.
Methods For the in vivo study, ten symptomatic patients with
advanced plaques at ultrasound who were scheduled for ca-
rotid endarterectomy underwent 99mTc-HYNIC-IL-2 scintig-
raphy. The images were analysed visually on planar and
SPECT images and semi-quantitatively on SPECT images
by calculating target to background (T/B) ratios. After endar-
terectomy, immunomorphological evaluation and
immunophenotyping were performed on plaque slices. For
the ex vivo studies, four additional patients were included
and, after in vitro incubation of removed plaques with
99mTc-HYNIC-IL-2, autoradiography was performed and
microSPECT images were acquired.
Results Visual analysis defined clear 99mTc-HYNIC-IL-2 up-
take in seven of the ten symptomatic plaques. SPECT/CT
allowed visualization in eight of ten. A significant correlation
was found between the number of CD25+ lymphocytes and
the total number of CD25+ cells in the plaque and the T/B
ratio with adjacent carotid artery as background (Pearson’s r=
0.89, p=0.003 and r=0.87, p=0.005, respectively).
MicroSPECT imaging showed clear 99mTc-HYNIC-IL-2 up-
take within the plaque wall and not in the lipidic core. With
autoradiography, only CD3+ lymphocytes were found to be
labelled.
Conclusion These in vivo and ex vivo studies confirm the
specificity of 99mTc-HYNIC-IL-2 for imaging activated T lym-
phocytes in carotid plaques. 99mTc-HYNIC-IL-2 is a true mark-
er for the inflamed plaque and therefore of plaque instability.
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Introduction

Recent advances in basic science have not only
established that atherosclerosis is a lipid storage disease,
but also that inflammation, haemorrhage and cell death
have a fundamental role in all stages of the disease
from initiation through progression and ultimately to
the thrombotic complications of atherosclerosis [1–3].
Atherosclerotic plaques that cause clinical events are
often called vulnerable or unstable plaques. Several
studies highlighted the role of inflammatory cells in
the transformation of a stable plaque into a vulnerable
one [4–7].

Many radiological invasive (intravascular ultrasound,
intravascular MRI, angioscopy and intravascular optical
coherence tomography) and non-invasive (ultrasound with
Doppler flow, electron-beam CT, CT angiography, magnet-
ic resonance angiography) imaging techniques are used in
plaque imaging [1, 8]. They allow early detection of
plaque formation, but do not provide any biomolecular
information on the actual risk of plaque rupture. Vulnera-
ble plaques are often mildly stenotic and histologically
characterized by a large lipidic/necrotic core, a thin fibrous
cap and infiltration of lymphocytes and macrophages [1,
3, 9, 10]. Lymphocytes are a significant cell population
and constitute at least 20 % of infiltrating cells in these
vulnerable plaques. Most of these lymphocytes are activat-
ed and stimulate macrophages to produce matrix metallo-
proteinases that can destroy the fibrous cap causing plaque
rupture [11]. Against this background, non-invasive
in vivo identification of vulnerable plaques prone to rup-
ture would be useful to allow prevention of complications.

The interleukin-2 receptor (IL-2R) may represent an
attractive biomarker for detection of vulnerable plaques,
as it is overexpressed on activated T lymphocytes dur-
ing inflammation. IL-2, radiolabelled with either 99mTc
or 123I, binds with high affinity to IL-2R and was
already successfully used to detect activated T lympho-
cytes in several diseases characterized by chronic lym-
phocytic infiltration [12–16] including atherosclerosis
[16, 17]. High levels of IL-2 in serum are also associ-
ated with increased carotid artery intima-media thick-
ness, which is a predictor of stroke and vascular disease
[17]. Therefore, imaging with radiolabelled IL-2 may
provide useful information for the selection of infiltrated
vulnerable plaques at risk of rupture and hence of
patients at risk for clinical events.

The aim of this study was to confirm the specificity
of 99mTc-hydrazinonicotinamide (HYNIC)-IL-2 for im-
aging lymphocytic infiltration in carotid plaques
in vivo by planar and single photon emission computed
tomography (SPECT)/CT imaging and ex vivo by
microSPECT and autoradiography.

Materials and methods

Patients

Ten symptomatic patients [amaurosis fugax, recent transient
ischaemic attack (TIA), minor or moderate stroke] with uni- or
bilateral carotid stenosis between 70 and 99 % at ultrasonog-
raphy and a grey scale median of <50 % (indicative of
hypoechoic plaques with calcifications) were scheduled for
carotid artery endarterectomy and were included in this study.
The medical history of the patients was screened for risk
factors for atherosclerosis [diabetes mellitus, smoking, hyper-
tension, hyperlipidaemia and body mass index (BMI)] as well
as for the use of statins (Table 1). The included patients did not
use any other drug that could have influenced the uptake of the
tracer (steroids, anti-inflammatory drugs). The present study
was approved by the local Medical Ethics Committee (trial
number 2008/132). All subjects gave their written informed
consent before entering the study. Therefore, this study was
performed in accordance with the ethical standards laid down
in the 1964 Declaration of Helsinki.

Radiolabelling of IL-2

99mTc-HYNIC-IL-2 was produced as previously described
[18] and checked for appearance, radiochemical purity, spe-
cific activity, sterility and pyrogens.

99mTc-HYNIC-IL-2 scintigraphy

99mTc-HYNIC-IL-2 scintigraphywas performed in all patients
before surgery. Planar anteroposterior images (600 s, 256×
256 matrix, low-energy high-resolution collimators with the
energy window centred at the 140 keV photopeak of 99mTc
using a width of 20 %) from head to kidneys were acquired
60 min after intravenous injection of 78–194 MBq 99mTc-
HYNIC-IL-2. This was followed by tomographic (SPECT)
imaging combined with CT imaging for attenuation correc-
tions and correlation with anatomy of the neck region. All
images were acquired on a SPECT/CT gamma camera system
(Siemens Symbia T, Siemens Medical Systems, Knoxville,
TN, USA)

For planar imaging, the location of the plaque was deter-
mined by drawing a marker on the skin of the patient at the
plaque region on the basis of ultrasound scanning. For SPECT
imaging, the location of the plaque was based on CT. All
studies were visually reviewed by two experienced observers,
familiar with the normal biodistribution of 99mTc-HYNIC-IL-
2 in patients. 99mTc-HYNIC-IL-2 uptake at the location of the
plaque was calculated by drawing a region of interest (ROI) at
the location of the skin marker in the planar imaging. In
addition, an ROI was drawn over the carotid artery just below
the bifurcation as background region. A planar carotid plaque
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to background ratio (T/Bplanar) was calculated by using the
mean counts per ROI.

Semi-quantitative analysis on SPECT images was per-
formed by drawing volumes of interest (VOIs) at the plaque
(regions defined on CT) and by drawing circular VOIs at an
adjacent area in the carotid artery, at bone marrow in the
cervical region (C1 or C2) and at the temporal muscle. The
maximum number of counts in a pixel within the plaque VOI
was divided by the maximum counts in the background areas
to calculate the SPECT T/B ratio for the carotid artery
(T/Bcarotid), SPECT T/B ratio for bone marrow (T/Bbm) and
SPECT T/B ratio for the muscle (T/Bmuscle).

Immunomorphology and immunophenotype

After endarterectomy, formalin-fixed carotid plaques were cut
into cross sections of 3 mm thickness and embedded in
paraffin. Three-micron sections were cut and stained with
haematoxylin and eosin (H&E) for histological examination.
Cell populations were characterized studying the following
antigens: CD3 for T lymphocytes (CD3 polyclonal, Ventana
Medical Systems, Roche), CD68 for monocytes/macrophages
(CD68 confirm, VentanaMedical Systems, Roche),α-smooth
muscle actin-1 (SMA) for smooth muscle cells (actin smooth
muscle, Ventana Medical Systems, Roche) and CD25 for IL-
2R-positive cells (CD25 4C9, Ventana Medical Systems,
Roche). For each antibody, the absolute number of positive
cells was determined in the entire plaque section by digital
pathology analysis performed with BioImagene software
(Ventana Medical Systems, Tissue Diagnostics, Roche)
assisted by an expert histopathologist. Furthermore, the total
plaque area and the areas with CD3/CD25-positive T lympho-
cytes were measured and the percentage of infiltrated plaque
area was calculated using a grid with an area of 0.22 mm2.

Ex vivo studies: plaque incubation, microSPECT
and autoradiography

For the ex vivo studies four additional patients were included
with a carotid stenosis between 70 and 99 % at ultrasonogra-
phy. These patients were not operated before in the contralat-
eral carotid and used no statins for at least 3 weeks before
surgery.

Carotid endarterectomy was performed under general an-
aesthesia using standard techniques; affected plaques were
removed gently and transported immediately after excision
in phosphate-buffered saline (PBS) under sterile conditions
and subsequently incubated with 185 MBq 99mTc-IL-2 (same
labelling procedure as in the in vivo study), diluted in 10 ml
PBS, for 1 h at room temperature.

In the case of autoradiography, after incubation, the plaque
was washed twice in RPMI medium (10 min each with 10 ml
medium), dried and embedded in paraffin. Slices (10 μmT
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thickness) were first processed for immunohistochemistry for
CD3 staining by peroxidase and then covered by liquid emul-
sion (Ilford K5) and incubated in the dark at −20 °C for
2 weeks before development [14]. Slides were finally stained
with H&E.

In the case of microSPECT, the plaques were flushed two
times for 10 min with 10 ml PBS after incubation, fixed on the
microSPECT bed, stored in a humid environment to prevent
dehydration and scanned (U-SPECT-II, MILabs, Utrecht, The
Netherlands) for 1 h. After imaging, the plaque was immersed
in paraformaldehyde for 48 h and subsequently embedded in
paraffin and processed for histology.

Statistical analysis

Continuous data are expressed as average ± standard devia-
tion. Categorical variables are expressed as absolute numbers
and percentages. Differences between T/B ratios were calcu-
lated using a non-parametric test (Mann-Whitney U test).
Correlation analyses were performed by linear regression
and calculation of Pearson’s correlation coefficient (r). A p
value<0.05 was considered statistically significant. All tests
were performed using GraphPad Prism version 5.0 for Win-
dows (GraphPad Software, San Diego, CA, USA).

Results

Patients

The clinical data of patients are summarized in Table 1. In
eight of the ten patients, a plaque was also found on CTon the
contralateral side (asymptomatic plaque). In eight of the ten
patients, the time interval between 99mTc-HYNIC-IL-2 scin-
tigraphy and carotid endarterectomy was within 2 weeks (me-
dian 6 days, range 1–14 days). No side effects were observed
in the study patients after the administration of 99mTc-HYNIC-
IL-2. In one patient surgery was cancelled, since on repeated
preoperative echocardiography 1 day before the intended
operation a near occlusion of the carotid artery was found.
In one patient immunomorphological analysis could not be
performed due to improper storage of the plaque leading to
non-representative material for histological examination. So
eventually, of the ten enrolled patients we were able to per-
form histological assessment in eight of them.

99mTc-HYNIC-IL-2 scintigraphy and correlation
with histology

On visual inspection of planar images, we clearly defined
99mTc-HYNIC-IL-2 uptake in seven of the ten symptomatic
plaques. Analysis of SPECT/CT images allowed plaque visu-
alisation in eight of the ten symptomatic plaques. Examples of

99mTc-HYNIC-IL-2 uptake in the plaques are shown in Fig. 1.
Interestingly, the highest plaque uptake was found in patient 1,
the only patient who smoked and had dyslipidaemia and
hypertension. The calculated ratios (planar and SPECT) of
the symptomatic plaques are shown in Table 2.

CD25+ cells were found in all samples of studied plaques,
although the percentage of CD25+ lymphocytes was highly
variable among plaques (5–99 % of all CD3+ lymphocytes).
Moreover, CD25 was expressed not only on the surface of T
lymphocytes, but also on macrophages and on smooth muscle
cells. The number of CD25+ T lymphocytes, CD25+ macro-
phages and the total number of CD25+ cells (including lym-
phocytes, macrophages and smooth muscle cells) are shown
in Table 2. An example of H&E, CD3 and CD25 staining of
an atheromatous plaque is shown in Fig. 2.

A significant correlation was found between the number of
CD25+ T lymphocytes in the plaques and the T/Bcarotid ratio
on SPECT (Pearson’s r=0.89, p=0.003) and the total number
of CD25+ cells and the T/Bcarotid ratio (Pearson’s r=0.87, p=
0.005) as shown in Fig. 3. No significant correlation was
found between the number of macrophages or smooth muscle
cells with the T/B SPECT ratios (although macrophages and
smooth muscle cells were more abundant than activated T
lymphocytes), between the planar T/B ratio and the counted
cells on histology, between the ratios (both planar and
SPECT) and the total plaque area, between the ratios and the
area of the plaque in which CD3+/CD25+ lymphocytes were
found and between the ratios and the degree of stenosis.

We also looked at the eight asymptomatic plaques that were
found at the contralateral carotid artery in the ten patients.
Uptake was found in 2 of the 8 plaques at planar imaging
(overall we imaged 9 of 18 plaques, including symptomatic
and asymptomatic) and in 3 of the 8 plaques on SPECT/CT
imaging (overall 11 of 18 total plaques). Nevertheless, the
T/Bplanar was significantly higher (p=0.039) in the symptom-
atic plaques (mean 1.20 ± 0.22) as compared to the asymp-
tomatic ones (0.83 ± 0.11).The T/Bcarotid was also found to be
significantly higher in the symptomatic plaques as compared
to the asymptomatic plaques (1.61 ± 0.58 vs 1.13 ± 0.26, p=
0.02). Significant differences were also found between symp-
tomatic and asymptomatic plaques using the T/Bmuscle (1.57 ±
0.30 vs 1.31 ± 0.22, p=0.03) but not when considering the
T/Bbm (1.10 ± 0.55 vs 0.93 ± 0.29, p=NS).

Ex vivo studies

After microSPECT, clear 99mTc-IL-2 uptake was seen within
the plaque wall. 99mTc-HYNIC-IL-2 uptake was heteroge-
neously distributed with most uptake on the internal wall of
plaque but not in the central lipidic and necrotic areas (Fig. 4).

By performing autoradiography combined with immuno-
histochemistry we clearly proved that only CD3+ lympho-
cytes were able to sufficiently bind the 99mTc-HYNIC-IL-2
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Fig. 1 Examples of 99mTc-
HYNIC-IL-2 uptake in
symptomatic plaques (red
arrows). Upper panels: a CT and
b SPECT/CT of patient 1 in the
study with high uptake in the
symptomatic plaque (T/Bcarotid >
2.0). Middle panels: c CT and d
SPECT/CT showing moderate
uptake in symptomatic plaque
(patient 9, T/Bcarotid between 1.0
and 2.0). Lower panels: e) CTand
f SPECT/CT showing no uptake
in a symptomatic plaque (patient
6, T/Bcarotid < 1.0). Green arrows
in upper and lower panels show
asymptomatic plaques showing
no significant uptake. Notice also
the variable uptake in salivary
glands and tonsils due to co-
presence of inflammation

1714 Eur J Nucl Med Mol Imaging (2014) 41:1710–1719



(Fig. 5). CD3− cells (usually macrophages) showed very low
or no detectable binding of labelled IL-2.

Discussion

For many years, most people considered atherosclerosis to be
a cholesterol storage disease characterized by the collection of
cholesterol and thrombotic debris in the artery wall. Over the
last decade, the concept that inflammation plays a primary role
in atherogenesis has gained interest [2]. Infiltrating lympho-
cytes are thought to play a central role in this inflammatory
process by crosstalking with macrophages and secreting sev-
eral cytokines that contribute to the evolution of the plaque
and eventually to its vulnerability. As it is overexpressed on
activated T lymphocytes during inflammation, the IL-2R rep-
resents an attractive biomarker for detection of inflammation
in plaques.

In this study, we aimed at confirming the potentiality of
radiolabelled IL-2 for imaging vulnerable carotid plaques. The
plaques we scanned in the recruited patients were advanced at
ultrasound (70–90 % stenosis and hypoechogenic). However,
all plaques assessed by histological examination showed
lymphomonocytic infiltration, thus being considered as “vul-
nerable” or “unstable” plaques prone to rupture. As we previ-
ously demonstrated [16, 17] that 99mTc-IL-2 is able to accu-
mulate in vulnerable plaques, here we demonstrate the spec-
ificity of 99mTc-IL-2 binding to activated T lymphocytes at
microscopic level. The small patient series presented showed
uptake of 99mTc-HYNIC-IL-2 in eight of ten symptomatic
plaques and in three of eight asymptomatic plaques on
SPECT/CT imaging. The uptake in all symptomatic plaques
was semi-quantitatively significantly correlated to the number
of CD25+ lymphocytes and to the total number of CD25+
cells (including macrophages and smooth muscle cells) after
histological examinations of the plaques. Furthermore, T/B
ratios, both on planar and on SPECT images (taking the
adjacent carotid artery or nearby muscles), were significantly
higher in the symptomatic plaques compared to asymptomatic
plaques in the same individuals. Many previous publications
indicated that structural changes following inflammatory
damage within the plaque are critical in promoting plaque
rupture [11], and the results of this in vivo study confirm that
this imaging modality allows non-invasive in vivo quantifica-
tion of plaque inflammation.

As in our previous study [16], the histological examination
of the plaques revealed that IL-2R are not only expressed on
inflammatory cells (lymphocytes and macrophages) but also
on smooth muscle cells. However, correlation with the T/B
ratios was only found with the number of CD25+ lympho-
cytes and the total number of CD25+ cells, not with the
number of macrophages or smooth muscle cells. Indeed, a
positivity for CD25 does not necessarily mean the presence ofT
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fully functional IL-2R and does not reflect the density of IL-
2R expression on cells. Therefore, we wanted to evaluate at
microscopic level whether radiolabelled IL-2 was able to
significantly bind only to T lymphocytes or also to macro-
phages and smooth muscle cells. In the presented ex vivo
studies, 99mTc-IL-2 was only found to significantly bind to
CD3+ lymphocytes (i.e. T lymphocytes), but not to a signif-
icantly detectable level to macrophages or smooth muscle
cells or CD3− lymphocytes. Our explanation is that, probably,
macrophages and smooth muscle cells express barely or with
low density theα-chain of the IL-2R and therefore do not bind
IL-2 efficiently. For autoradiography, we used an anti-CD3
and not an anti-CD25 (less abundant on lymphocytes than
CD3) because in previous preliminary unpublished experi-
ments we did not obtain an appropriate staining of sections
with anti-CD25 in emulsion-covered sections. Furthermore,
staining with anti-CD25 would not have allowed us to differ-
entiate T lymphocytes from the other cell types. MicroSPECT
of carotid plaques was also important to evaluate whether
99mTc-IL-2 could penetrate within the plaque but without

non-specific binding to the lipidic or necrotic core. Taking
together the information obtained by autoradiography,
microSPECT and in vivo studies, our results confirm our
hypothesis that only the binding of radiolabelled IL-2 to
activated T lymphocytes contributes to in vivo plaque
imaging.

Various other nuclear medicine techniques have also been
applied to study cells involved in the pathogenesis of the
atherosclerotic plaque by (1) targeting the atherosclerotic le-
sion components, including 99mTc-labelled low-density lipo-
proteins (LDL) [19–21] and 99mTc-endothelin [22], (2)
targeting apoptotic cells with 99mTc-annexin V [23, 24], (3)
targeting cells involved in thrombosis, e.g. 111In-labelled
platelets [25], (4) targeting the involved inflammatory cells,
including tracers to image macrophages, monocytes, neutro-
phils and lymphocytes [11, 26–28], (5) imaging the metabolic
glucose activity of macrophages with 18F-fluorodeoxyglucose
(FDG) [29–32] and (6) imaging the vascular endothelial
growth factor (VEGF), which is also linked to plaque vulner-
ability [33]. All these tracers have their limitations in the

Fig. 2 Histological example of an atheromatous plaque from a carotid
endarterectomy. Row I: H&E stain, row II: CD3 stain, row III: CD25 stain,
column 1: ×2 magnification, columns 2 and 3: ×10 magnification. Circled
area magnified in column 2 and squared area magnified in column 3. a–c
Atheromatous plaque with heavy inflammatory infiltrate with a high

percentage of CD3+ (d–f) and CD25+ lymphocytes (g–i). Notice that
the CD25 stain is more abundant than CD3 due to staining of both
lymphocytes, macrophages and smooth muscle cells. Furthermore, not
all CD3+ cells are also CD25+. Only the double-positive CD3/CD25
defines activated T lymphocytes

1716 Eur J Nucl Med Mol Imaging (2014) 41:1710–1719



detection of plaque vulnerability. For example, labelled LDL
does not provide information on the presence of infiltrating
lymphocytes that are the trigger of macrophage infiltration
[34] and the labelling of autologous LDL can be performed
only in specialized centres. Labelled annexin V correlated
with macrophage content [24]. However, the question remains
if apoptotic macrophage content is representative of vulnera-
bility. Imaging the VEGF receptor in human carotid endarter-
ectomy specimens with 89Zr-bevacizumab showed promising

results; however, due to the long half-life of 89Zr, imaging in
humans is possible only 4 days after injection and the radia-
tion burden is relatively high compared to other tracers. Most
studies reported the use of [18F]FDG to detect macrophage
content and vulnerability in atherosclerotic plaques [35].
However, it must be considered that FDG is a non-specific
agent and reflects only the metabolic status of the plaque and
is for instance not usable in coronary artery disease due to high
background activity in the heart muscle. The accumulation in
all highly metabolizing cells results in suboptimal specificity

Fig. 3 Correlation of T/Bcarotid ratio with the total number of CD25+ T
lymphocytes at histology (upper graph) and with the total number of
CD25+ cells (including lymphocytes, macrophages and smooth muscle
cells) at histology (lower graph)

Fig. 4 MicroSPECTof a carotid endarterectomy specimen after in vitro incubation with 99mTc-HYNIC-IL-2. Coronal (a), sagittal (b) and transverse (c)
slices showing high but heterogeneous uptake of the radiopharmaceutical around the central lipidic core

Fig. 5 Autoradiography of carotid endarterectomy specimen (×400mag-
nification) after incubation with 99mTc-HYNIC-IL-2. Thick arrows:
groups of CD3+ lymphocytes (brown stained cells) showing high binding
of labelled IL-2 (black dots). Dashed arrows: CD3− cells (pink stained
nuclei of mainly macrophages or CD3− lymphocytes) showing very low
or no binding of labelled IL-2
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in depicting vessel wall inflammation [33]. 99mTc-HYNIC-IL-
2 shows the presence of activated T lymphocytes in the
plaques and this is a true marker of an inflammation and of
plaque instability.

Although our study shows very encouraging results, it also
has some limitations. First of all, the low number of patients
restricts the statistical power of this study. However, we still
obtained highly significant results. Some patients in this study
used statins, some only for a couple of weeks, others already
for years (Table 1). In an earlier published longitudinal study
in nine patients, changes of 99mTc-IL-2 uptake in plaques,
before and after atorvastatin treatment or a cholesterol-
lowering diet, were investigated [16], and the results showed
that the uptake significantly decreased after treatment with
statins. These data were confirmed by another study demon-
strating a favourable effect of statins on plaque stabilization,
and it has particularly been supposed that statins may directly
modulate inflammation within the plaque [36]. So, statin
treatment in our patients may have influenced the uptake of
99mTc-IL-2 in symptomatic and asymptomatic plaques. Larger
patient studies are necessary to evaluate the predictive value of
IL-2 scintigraphy. The administered activity of 99mTc-IL-2 in
our patients varied (range 78–194 MBq) due to different
production yield. The complex and time-consuming labelling
procedure and purification of 99mTc-IL-2 has to be performed
by experienced and highly qualified personnel. In the last five
patients of our study, the advantage of experience led to higher
production yield and higher administered activity as compared
to the first patients. This demonstrates that a learning curve is
needed for the production of 99mTc-IL-2.

Despite these limitations, the results of this study are impor-
tant and confirm that it is possible to image inflamed plaques
with 99mTc-HYNIC-IL-2. What is most important, in our opin-
ion, still to be defined, is a cut-off value for positivity regarding
the uptake. This is needed for better sensitivity and specificity
of the technique and for conducting large longitudinal studies.
The low spatial resolution of the gamma camera, especially in
such small objects as plaques in the carotid artery, decreases the
diagnostic value of this technique (that was avoided in this
study by using also the microSPECT technique as proof of
principle). Certainly the use of a positron emission tomography
(PET) tracer for imaging activated lymphocytes and the use of
PET/CT could allow better plaque detection, localization and
quantification. [18F]FB-IL-2 has already proved to be stable and
biologically active, allowing the in vivo detection of activated
lymphocytes in animal studies [37] and thus being a promising
PET radiopharmaceutical for human atherosclerotic plaque
imaging.

Conclusion

The results of these in vivo and in vitro studies confirm the
specificity of 99mTc-HYNIC-IL-2 for imaging lymphocytic

infiltration in carotid plaques and strengthen the hypothesis
that this radiopharmaceutical is a truemarker for inflammation
in the advanced atherosclerotic plaque and therefore of plaque
instability.

Conflicts of interest None.
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