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Abstract
Background: Macrophages are crucial in the development and progression of various diseases. To monitor their role, various proteins expressed by macrophages 
may be used as imaging target. In this preclinical study we investigate the value of the somatostatin receptor subtype 2 (SSTR2) as a novel imaging marker for pro-
inflammatory macrophages, using an experimental osteoarthritis (OA) mouse model.

Methods: SSTR2 gene expression levels in pro-inflammatory macrophages and human synovium was determined by qPCR. Tracer binding was determined in 
macrophages and human osteoarthritic synovium after in vitro stimulation with IFNγ and TNFα. Presence of pro-inflammatory macrophages in OA mice was 
determined by anti-CD64+ staining. Accumulation of the tracer in OA knees was determined by μSPECT.

Results: Human macrophages and synovial tissue stimulated with IFNγ+TNFα had significantly upregulated SSTR2 gene expression and showed increased uptake 
of SSTR2-targeting tracer. Shortly after OA induction an increase in the presence of pro-inflammatory macrophages was seen as assessed by immunohitochemsitry. 
Similar findings were obtained with SPECT, with peak uptake of the SSTR2-targeting tracer immediately after surgery followed by a gradual decrease during the 
course of the next 8 weeks.

Conclusions: Pro-inflammatory macrophages have elevated SSTR2 expression which makes it possible to image an inflammatory process in the knee with a 
radiolabeled somatostatin analog for SPECT.
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Introduction
Macrophages play a crucial role in the development and 

progression of various diseases, for example osteoarthritis (OA) [1,2], 
atherosclerotic plaque [3,4], type 2 diabetes [5,6], rheumatoid arthritis 
[7,8] and schizophrenia [9,10]. Knowing the role of macrophages 
during disease development and progression opens possibilities for 
therapeutic interference. Macrophages varied roles can exacerbate 
and/or resolve diseases. To detect the presence of macrophage during 
disease processes, a specific target for imaging is needed. Depending 
on the activation state, macrophages express various proteins that may 
be used as imaging target such as the folate receptor β [11], mannose 
receptor (also known as CD206) [12] and translocator protein (TSPO) 
[13]. These have been proposed as targets for a subtype of macrophages 
referred to as anti-inflammatory macrophages [14,15].

Previous studies suggested that the somatostatin receptor subtype 
2 (SSTR2) is also a marker for macrophages [16,17]. More recently, it 
was shown that inflammation-related uptake of an SSTR2-targeting 
tracer was elevated in atherosclerotic plaques and it was confirmed 
that the tracer had macrophage specificity [18-20]. Somatostatin is a 
peptide hormone which induces inhibitory effects on two key cellular 
processes, secretion and cell proliferation. It can bind to five distinct 
receptors subtypes named SSTR1, SSTR2, SSTR3, SSTR4 and SSTR5. 
These somatostatin receptors belong to the G-protein coupled receptor 
family. SSTR2 are highly expressed in human tumors, and are also 
present in pancreas, spleen, cerebrum, kidney, jejunum, colon, and liver 
[21,22]. Upon differentiation of human monocytes into pro-inflammatory 

macrophages, SSTR2 mRNA was found to be upregulated [23] in activated 
macrophages making it an interesting molecular target for these cells.

The aim of this preclinical study was to evaluate the potential of 
SSTR2 as a novel marker to monitor pro-inflammatory macrophages. We 
therefore determined gene expression levels of SSTR2 in unstimulated 
and IFNγ+TNFα stimulated human macrophages and evaluated SSTR2 
protein expression via binding of a STR2-binding tracer. We further used 
osteoarthritis (OA) as disease model to investigate a SSTR2-targeting 
tracer for macrophage imaging in an osteoarthritic joint. During 
development of OA, macrophages are attracted to the synovial lining 
[24,25] and are pivotal in promoting the production of inflammatory 
and degradative mediators in the OA synovium, maintaining an 
inflammatory state in the joint. Human synovial explants were used 
to perform tracer binding tests in pro-inflammatory circumstances. In 
this study we evaluated targeting of SSTR2 as a tool for longitudinal 
imaging of pro-inflammatory macrophages in an experimental mouse 
model of OA.
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Materials and methods
Ethics approval

All animal experiments were performed in accordance with the 
ARRIVE guidelines for reporting on Animal Research [26], the Dutch 
law on animal experimentation, and were approved on March 12th 2014 
by the committee on animal experimentation of the Erasmus MC, 
with protocol number EMC 3246. We chose male mice because sex 
hormones play a critical role in the progression of OA in the murine 
DMM surgical model, with males having more severe OA than females 
[27]. Mice were housed at the Experimental Animal Facility of the 
Erasmus MC with a 12-h light–dark regimen, in individually ventilated 
cages including extensive cage enrichment. The mice received acidified 
tap water and standard chow ad libitum.

Synovial tissue was obtained with implicit consent from the patients, 
meaning that they had the right to refuse. The protocol was approved 
by the medical ethical committee of the Erasmus MC on November 12th 

2004 with protocol number MEC-2004-322.

Somatostatin receptor subtype 2 expression

To verify the expression of SSTR2 on monocyte-derived 
macrophages, primary human monocytes were isolated from five buffy 
coats of male donor blood samples (58 ± 8Y; Sanquin Blood bank, 
Amsterdam, the Netherlands) by Ficoll density gradient separation (GE 
Healthcare, Little Chalfont, UK) and CD14+ magneticactivated- cell 
sorting (MACS; Miltenyi, Bergisch Gladbach, Germany), as previously 
described [15]. To acquire pro-inflammatory macrophages in vitro 
[15,28], the monocytes were stimulated 1h after plating with 10 ng/mL 
IFN-γ (PeproTech, New Jersey, USA) and 10 ng/mL TNF-α (PeproTech, 
New Jersey, USA) in X-VIVO™ 15 medium (Lonza, Verviers, Belgium) 
supplemented with 20% heat-inactivated fetal calf serum (FCS; Lonza, 
Verviers, Belgium), 50 µg/mL gentamicin (Gibco, Carlsbad, USA) 
and 1.5 µg/mL amphotericin B (Gibco, Carlsbad, USA), from now on 
referred to as M(IFNγ+TNFα). The macrophages were stimulated 3 
days at 37°C and 5% CO2. Media and stimuli were refreshed 24h prior 
to harvest.

To determine the expression of SSTR2 in human synovial tissue, 
synovium was obtained as waste material from OA patients (n=4, 
60 ± 13Y) undergoing total knee replacement surgery. Fat tissue was 
macroscopically removed and the synovium was cut into pieces of 
approximately 40 mg wet weight and cultured in Dulbecco’s Modified 
Eagle Medium, low glucose (DMEM; Gibco, Carlsbad, USA), 
supplemented with 1% Insulin-Transferrin-Selenium (ITS+ Premix, 
Corning, New York, USA), 50 μg/mL gentamicin (Gibco, Carlsbad, 
USA), 1.5 μg/mL amphotericin B (Fungizone; Gibco, Carlsbad, USA) 
and 25 μg/mL ʟ-ascorbic acid 2-phosphate (Sigma-Aldrich, St. Louis, 
USA). To simulate acute inflammation, half of the number of the 
explants was stimulated with 10 ng/mL IFNγ + 10 ng/mL TNFα. After 
24h of stimulation, the synovial explants were harvested and stored at 
-80°C until gene expression analysis.

Messenger RNA (mRNA) was isolated from the macrophages 
using the RNeasy Micro Kit (Qiagen, Hilden, Germany) according to 
manufacturer’s instructions. For the synovial explants, the tissue was 
first frozen in liquid nitrogen followed by pulverization using a Mikro-
Dismembrator (B. Braun Biotech International GmbH, Melsungen, 
Germany) at 3000 rpm. The tissue was then homogenized with Trizol 
(Gibco, Carlsbad, USA) and 20% chloroform (Sigma-Aldrich, St. 
Louis, USA). Complementary DNA (cDNA) was synthesized using the 
RevertAid™ First Strand cDNA Synthesis Kit (Fermentas GmbH, Leon-

Rot, Germany) according to manufacturer’s instructions. Expression 
of SSTR2 was evaluated using a TaqMan SSTR2 Gene Expression 
Assay (Hs00990356_m1; Thermo Fisher Scientific). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH; Fw: CAACGGATTTGGT 
CGTATTGGG; Rev: TGCCATGGGTGGAATCATATTGG; Probe: 
GGCGCCCCAACCAGCC) was used as a housekeeping gene.

Radiolabeled tracers

Two SSTR2 agonists, DOTA-Tyr3-octreotate, further referred to as 
DOTA-TATE (BioSynthema, Saint Louis, USA) and DTPA-octreotide 
(Mallinckrodt Medical, Petten, The Netherlands), and the SSTR2 
antagonist DOTA-JR11 (kindly provided by Dr. Helmut Maecke) 
were used. The tracers were radiolabeled with Indium-111 (Covidien, 
Zaltbommel, The Netherlands) as previously described [29,30]. Molar 
activity was 200-300 MBq/nmol. Radiochemical yield was >99% and 
radiochemical purity was >90% for each tracer.

Binding of SSTR2 tracer

The binding of the radiotracer to SSTR2 present on macrophages 
was established in vitro. Human monocytes were seeded in 6-well plates 
at a density of 5 × 105 cells/cm2, and subsequently cultured for 3 days 
with IFNγ and TNFα, as described in the previous paragraph. After 3 
days of stimulation, the macrophages were washed with PBS (Gibco, 
Carlsbad, USA) and were incubated with 4 × 10-9 M [111In]In-DOTA-
TATE. To determine specific binding the cells were also incubated 
with 4 × 10-9 M [111In]In-DOTA-TATE plus 10-6 M DOTA-TATE for 
1 h at 37°C. Cellular uptake of the tracer was stopped by removing the 
supernatant and washing twice with cold PBS. The cells were lysed with 
0.1 M NaOH and the amount of radioactivity present in the samples 
was counted in a gamma counter (1480 WIZARD automatic gamma 
counter, PerkinElmer, Turku, Finland).

In vitro autoradiography was performed on human OA synovium 
cryosections (10 μm). The sections were incubated for 1 hour with 80 μL 
10−9 M [111In]In-DOTA-JR11 with or without excess (10-6 M) unlabeled 
DOTA-TATE to determine non-specific binding. After incubation, 
the excess radiotracer was removed and the sections were exposed to 
super resolution phosphor screens (Packard Instruments Co., Meriden, 
USA) for 7 days. Binding of the radiotracers to SSTR2 containing areas 
in the sections was quantified using Optiquant (Packard Instruments 
Co., Groningen, The Netherlands) and expressed as density light units/
mm2 (DLU/mm2). Sections of human H69 tumour, an SSTR2-positive 
xenograft, were used as positive control. All sections were stained with 
hematoxylin and eosin to determine the localization of cell dense areas 
where the macrophages can be found.

Osteoarthritis induction

Experimental OA was induced, during light time of the day/
night cycle, by destabilization of the medial meniscus (DMM) [31]. 
The right knees of 40 male C57BL/6 mice of 12-14 weeks old (Harlan 
Laboratories/Envigo, Cambridgeshire, UK) underwent dissection of the 
medial meniscotibial ligament (MMTL). As control, the contralateral 
knee underwent a sham procedure, which entailed no transection of 
the MMTL.

Immunohistochemical analysis

At 1, 3, 7, 14, 28, and 56 days after OA induction both DMM and 
control knees were excised and fixed for 10 days in 4% formaldehyde 
(BoomLab, Meppel, The Netherlands). After decalcification the knees 
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were dehydrated, embedded in paraffin and completely sectioned in 
the coronal plane. For the CD64 histochemical (IHC) staining, a CD64 
antibody (Sino-Biological, 50086-R001, 5 µg/ml) was incubated on 
the slides for 60 min, and subsequently incubated with link and label 
(Concentrated MultiLink® and Concentrated AP Label; BioGenex, 
Fremont, California, USA); New Fuchsine was used as substrate [32]. 
The extent of positive CD64 staining in the sections was scored by 
bright- field microscopy and ranked. Ranking means that all knees 
were arranged from least intensely stained to most intensely stained 
using bright field microscopy. The staining intensity of the markers was 
ranked amongst all time points.

To confirm that OA was induced after 8 weeks, three consecutive 
thionin-stained sections of the medial femoral condyle and medial 
tibial plateau were evaluated. The structural cartilage damage was 
scored by the OARSI scoring system by Glasson et al. [1,33]. The score 
of the quadrants of three consecutive sections was summed and used 
for analysis. Histological images were acquired with a NanoZoomer 
2.0-HT slide scanner (Hamamatsu, Hamamatsu City, Japan).

In vivo imaging

To evaluate the influx of pro-inflammatory macrophages during 
OA development, OA was induced in mice (n=6) as described above. 
Because macrophage polarization is a dynamic process, we wanted 
to scan the knee as soon as possible after tracer injection. The mice 
were imaged 2 hours after i.v. injection of radiolabeled tracer (60 
MBq/200pmol [111In]In-DTPA-octreotide) on day 1, 3, 7, 14, 28 or 
56 after induction of OA. At day 3 after OA induction 3 mice were 
injected with 40 nmol block, DOTA-Tyr3-TATE, 1 minute prior to an 
injection with 60 MBq/200pmol [111In]In-DTPA- octreotide. Single-
photon emission computed tomography (SPECT) was performed on 
a MILabs VECTor+/CT system (Utrecht, the Netherlands) [34] with 
an ultra-high sensitivity mouse collimator with fifty-four 2.0 mm 
pinholes. A 55-minutes SPECT was acquired in list mode along a spiral 
trajectory, scan mode fine and 10 positions. SPECT was followed by 
CT (55 keV, 615 mA). SPECT data were reconstructed using the pixel-
based ordered subsets expectation maximization (POSEM) developed 
by MILabs [35] algorithm with 30 iterations, 4 subsets and a voxel 
size of 0.4 mm. Photopeaks 171 and 245 keV were used, scatter and 
background were corrected for with the triple-energy-window method 
(for 171 keV peak % width of 7 and for 245 keV peak % width of 10) 

[36]. CT was reconstructed using filtered back-projection. SPECT and 
CT were registered; SPECT data were corrected for attenuation using 
the CT data [34]. A post-reconstruction 3- dimensional Gaussian filter 
was applied. The resulting data was analyzed using inviCRO VivoQuant 
software (Boston, MA, USA) by quantification of manually drawn 
regions of interests (ROIs) based on CT. All data were represented as 
percentage of the injected dose per tissue volume %IA/cm3).

Statistical analysis

For the in vitro experiments, a mixed linear model after log 
transform was used followed by a Bonferroni’s post hoc comparisons 
test using PASW Statistics 22.0 (SPSS Inc. Chicago, USA). For the 
histological staining experiment, differences in CD64 ranks for the 
time points were determined by a Kruskal-Wallis test. In the uptake 
experiment and autoradiography the mean values between the different 
groups (± stimulation, ± block) were compared and analyzed with a 
Two-way ANOVA. To compare values for DMM and sham surgery (in 
vivo imaging) the paired t-test was applied. Differences were considered 
statistically significant when p<0.05.

Results
Somatostatin receptor subtype 2 mRNA expression

To establish the effect of inflammatory stimuli on SSTR2 mRNA 
expression of macrophages, SSTR2 mRNA levels were determined in 
unstimulated and IFNγ+TNFα-stimulated macrophages by qPCR. 
Following stimulation with IFNγ+TNFα, expression of SSTR2 
mRNA significantly increased by a factor of 3.6 (p<0.005) relative to 
unstimulated macrophages (Figure 1A). Similar to macrophages, 
stimulation of synovial tissue of OA patients with IFNγ+TNFα, also 
resulted in increased expression levels of SSTR2 mRNA (10-fold, 
p<0.001) relative to unstimulated tissue (Figure 1B).

Binding of SSTR2 tracer

Stimulation of primary monocyte-derived macrophages with 
IFNγ+TNFα in vitro resulted in a significant increase of [111In]In-
DOTA-TATE uptake (Figure 2). Relative to unstimulated macrophages 
the uptake of [111In]In-DOTA-TATE increased (1.6-fold, p<0.05). 
For both stimulated and unstimulated macrophages uptake of [111In]
In-DOTA-TATE was largely blocked following addition of excess 
unlabeled DOTA-TATE (p<0.001).

Figure 1. Gene expression levels of somatostatin receptor subtype 2 (SSTR2) in human primary macrophages and osteoarthritic synovial tissue. SSTR2 gene expression relative to the 
expression of GAPDH in (A) unstimulated human monocyte-derived macrophages and IFNγ+TNFα-stimulated macrophages. (B) osteoarthritic synovial tissue, cultured in vitro, with and 
without IFNγ+TNFα stimulation. Data is presented from min to max including the median.
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Autoradiography analysis of binding of the radiolabeled tracer 
[111In]In-DOTA-JR11 showed regions with higher signal intensities 
corresponding to cell dense areas on H&E-stained sections (Figures 3A 
and 3B). The intensity of the autoradiography signal was significantly 
increased up to 3.1 times (average 1.6; range 0.5-3.1; p<0.05) in 
IFNγ+TNFα-stimulated synovial tissue relative to unstimulated 
synovial tissue (Figure 3C).

Presence of macrophages during experimental OA

To establish the relevance of SSTR2 tracer as a marker for pro-
inflammatory macrophages in vivo, presence of macrophages and uptake 
of SSTR2 tracer was studied in a mouse DMM model for OA over time.

From knees, which were harvested eight weeks after induction 
of OA by DMM, three consecutive thionin-stained sections of the 
medial femoral condyle and medial tibial plateau were evaluated. The 
summed OARSI scores for three DMM knees were: 2.5, 4.0, and 10.5. 
Osteophytes were present in all DMM knees. Control knees did not 
have any signs of cartilage degradation (OARSI score 0 for all knees) 
and did not present any indications of osteophyte formation (Figure 4).

CD64 positive cells, indicating pro-inflammatory macrophages, 
were present from day 1 onward. The sections were ranked to distinguish 
low-positivity and high-positivity. The number of CD64+ macrophages 
were elevated at day 1 and 3, and slowly diminished during the following 
weeks. There were statistically differences seen between the ranks at the 
different time points (p<0.0001). No statistically significant differences 
were seen in the pattern of CD64+ macrophages presence over time 
between the sham-operated and DMM knees (Figure 5).

In Figure 6A a representative SPECT/CT image is shown of a 
DMM knee 3 days after destabilization of the medial meniscus in 
which accumulation of the radioactive tracer was observed. Percentage 
injected activity per volume (%IA/cm3) was calculated over time after 
DMM. During the first 7 days after DMM surgery, increased amounts of 
radioactivity were found in the knees, which gradually decreased over 
time (Figure 6B). Herein we saw a similar pattern for both the knees 

in which OA was induced by DMM and for the knees that underwent 
sham surgery.

To determine the specificity of the radioactive signal a blocking 
experiment was executed. After the SPECT/CT scans the knees and 

Figure 2. Binding of [111In]In-DOTA-TATE to SSTR2 on human monocyte-derived 
macrophages. Binding of [111In]In-DOTA-TATE (as a measure of SSTR2 presence) to 
M(IFNγ+TNFα) in kBq/1e5 cells. Blocking of the specific binding to SSTR2 was performed 
with excess of unlabeled DOTA-TATE. Data is presented as mean + SD.

Figure 3. Binding of [111In]In-DOTA-JR11 to human synovial tissue. (A) Autoradiography 
of a section of an OA synovial explant. Dark spots indicate uptake of [111In]In-DOTA-JR11. 
(B) H&E staining of IFNγ+TNFα-stimulated synovial tissue of the same sample shown in 
A with 2 40X magnifications. Segmentation lines indicate relevant areas used for analysis. 
(C) Binding of [111In]In-DOTA-JR11 to human synovial tissue is shown as NET DLU/mm2 
+ SD. Samples of synovium derived from 3 different OA patients undergoing total knee 
resection were incubated with (two right bars) and without IFNɣ/TNFα (two left bars). To 
determine specific binding a 1000-times excess of unlabeled DOTA-TATE was added to 
some samples (solid black bars).

Figure 4. Cartilage damage and osteophyte formation after induction of experimental 
osteoarthritis (OA) by DMM. Thionin staining of a mouse knee 8 weeks after OA induction 
by destabilization of the medial meniscus (DMM). The femur condyle and tibia plateau are 
shown in the enlargements. The sham-operated knee had a summed OARSI score of 0 and 
the knee with DMM had a summed OARSI score of 10.5 (maximum possible score 72). 
Cartilage damage (at asterisk) and osteophytes (indicated by the arrows) were seen in all 
DMM knees.
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thymus were removed and placed in a gammacounter. Both SPECT/CT 
scans and gammacounter data showed that the binding was receptor-
specific (Supplementary Digital Material 1: Supplementary Figure 1). 
Co-injection of excess unlabeled DOTA- Tyr3-TATE reduced uptake of 
[111In]In-DTPA-octreotide in the knees and thymus.

Discussion
Pro-inflammatory macrophages have been identified as crucial 

mediators in various disease processes. Non-invasive monitoring of 
their presence during disease progression is therefore very desirable. 
In this report, we showed that pro-inflammatory macrophages 
(IFNγ+TNFα stimulated) had elevated SSTR2 expression and showed 
concomitant increased uptake of SSTR2-targeting radiolabeled 
peptides, which are suitable as SPECT tracers. Using such a SSTR2 
SPECT tracer in a translational setting, we also demonstrated that under 
pro-inflammatory conditions there was increased binding of the tracer 
in human OA synovium. Moreover, in an in vivo model we showed 
that macrophage-associated inflammation resulted in concomitant 
uptake of [111In]In-DTPA- octreotide in mouse knees, indicating that 
an SSTR2-targeting SPECT tracer can be used to monitor the course of 
a pro-inflammatory response over time in vivo.

Destabilization of the medial meniscus in mice was used as a model 
for OA with anticipated involvement of pro-inflammatory macrophages. 
In many other studies this model has been used for studying processes 
during the onset of OA and in studies evaluating novel intervention 
strategies for OA [37-39]. This animal model has a low variability 

[31] and represents posttraumatic human injury which leads to joint 
degeneration [40]. During human OA development a macrophage 
influx was seen [41] and macrophage-associated inflammation was 
related with structural damage and disease progression.

As shown in this study, it appeared that the influx of macrophages 
was time dependent and associated with the development path of OA, 
but the macrophage influx in the knee was not exclusively associated 
with development of OA. An influx of macrophages was also observed 
in the sham-operated knee, most likely due to the inflammatory 
reaction to tissue damage caused by surgical manipulation. It should 
be noted that the sham knees had no structural cartilage damage or 
osteophyte formation, features that are associated with OA. Since the 
SSTR2 tracer specifically targets inflammatory cells, and not damaged 
cartilage, SSTR2 receptor uptake occurred in both DMM and sham-
operated knees due to the presence of inflammatory macrophages in 
both situations. The pattern seen with uptake of SSTR2 targeting tracer 
in the knee, and the pattern seen with the presence of pro-inflammatory 
macrophages (histological aCD64 staining) of the knee, proceeded 
in the same way; starting with an high influx of macrophages which 
decreased during the course of time.

For potential clinical relevance we evaluated SSTR2 tracer uptake 
in synovial tissue samples derived from OA patients. OA synovium 
showed specific uptake of [111In]In-DOTA-JR11, which could be further 
enhanced under acutely induced inflammatory conditions (stimulation 
with IFNγ+TNFα). There was considerable variation in uptake of the 
SSTR2 tracer between patient samples which was most likely due to the 
large heterogeneity in disease state between OA patients and whether 
or not a given patient had a flare of inflammation at time of surgery. It is 
also known that synovium consists of a heterogeneous cell population 
including synoviocytes, macrophages and fibroblasts. Although it 
cannot fully be excluded that SSTR2-binding tracer is taken up by 
cells other than macrophages, we consider this option highly unlikely 
to substantially contribute to the measured activity. It is known that 
the number of macrophages dramatically increases in inflammatory 
arthritis relative to healthy synovia [41,42], also seen in this study 
using histological evaluation. It is therefore most likely that the signal 
in inflamed knees is caused by the presence of pro-inflammatory 
macrophages.

In this research high resolution scans are of utmost importance, 
because the target is very small. That is why we used an indium-111 
labeled tracer. When this tracer is going to be used in the clinic we will 
be using a radioactive isotope compatible with PET. PET has in the 
clinic a higher resolution, half-life of radioactive isotopes is shorter so 
patients can leave the hospital sooner and images are less noisy therefor 
accurate quantification can be performed.

We made use of a mouse model where we introduced OA through 
destabilization of the medial meniscus. Mice knees are very small 
and DMM results in a mild inflammation. Although we had these 
restrictions, we were able to successfully visualize, quantify and 
monitor the inflammation process by SPECT/CT imaging. Perhaps 
with the use of a larger animal model and/or a disease model with 
more macrophage involvement, like rheumatoid arthritis [43,44], 
will facilitate further research. Our findings are promising for the use 
of SSTR2 targeting tracers in studying macrophage involvement in 
disease processes. Macrophages are crucial in the development and 
progression of various diseases and that is why accurate imaging of 
pro-inflammatory macrophages, beside the already established anti-
inflammatory macrophage tracers [11,45], might be an important step 

Figure 5. Presence of CD64+ macrophages during development of experimental 
osteoarthritis after DMM. The continuous line represents the DMM knees. The dotted line 
represents the sham knees. Each group contains 7-9 knees. Data is presented as mean ± SD, 
p<0.0001 between different time points.

Figure 6. SPECT/CT imaging of in vivo uptake of [111In]In-DTPA-octreotide in 
osteoarthritic (OA) mice knees. (A) Sagittal view of a knee 3 days after OA induction 
through destabilization of the medial meniscus (DMM). Scan was made 2 h post injection 
with [111In]In-DTPA-octreotide. (B) Percentage injected activity ([111In]In-DTPA-
octreotide) per volume (knee) (%IA/cm3) was calculated over time after induction of OA. 
The continuous line represents the DMM knees. The dotted line represents the sham knees. 
Each group contains 6 animals. Data is presented as mean ± SD, p=0.099.
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forward in understanding disease development. This is also indicated by 
recent publications on studies in which macrophages are being imaged 
in atherosclerotic plaques using the folate, mannose and somatostatine 
type 2 receptor [18,46,47].

Conclusion
Our research showed that pro-inflammatory macrophages 

(IFNγ+TNFα stimulated) had elevated SSTR2 expression and show 
concomitant elevated binding of SSTR2-targeting radiolabeled peptides 
suitable as SPECT tracers. Under pro-inflammatory conditions there 
was an increase in presence of CD64+ cells especially at day 1 and 3 
after OA induction. In vivo SSTR2 SPECT imaging showed an increase of 
radioactivity in the knee at day 1-7 after OA induction. So, SSTR2 can be a 
marker to longitudinally monitor pro-inflammatory macrophages in vivo.
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