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Abstract
αvβ3 Integrin is involved in (tumor induced) angiogenesis and is a promising candidate for the
specific visualization of both primary tumors and their distant metastases. Combining radioactive
and fluorescent imaging labels in a single multimodal or rather hybrid RGD-based imaging agent
enables integration of pre-, intra- and postoperative angiogenesis imaging. A hybrid imaging agent
targeting the αvβ3 integrin, 111In-MSAP-RGD, which contains a targeting moiety, a DTPA
chelate and a cyanine dye, was evaluated for its potential value in combined lesion detection and
interventional molecular imaging in a 4T1 mouse breast cancer model. SPECT/CT and
fluorescence imaging were used to visualize the tumor in vivo. Tracer distribution was evaluated
ex vivo down to the microscopic level. The properties of 111In-MSAP-RGD were compared to
those of 111In-DTPA-RGD. Biodistribution studies revealed a prolonged retention and increased
tumor accumulation of 111In-MSAP-RGD compared to 111In-DTPA-RGD. Using 111In-MSAP-
RGD identical features of the tumor could be visualized preoperatively (SPECT/CT) and
intraoperatively (fluorescence imaging). Next to the primary tumor, 111In-MSAP-RGD also
enabled detection and accurate excision of distant metastases in the head and neck region of the
mice. The hybrid RGD-derivative 111In-MSAP-RGD shows potential in preoperative planning and
fluorescence based surgical intervention.
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Introduction
In the rapidly advancing field of molecular imaging a large variety of new imaging agents
are emerging,[1] most of which are designed to visualize tumor-specific biomarkers and
detect tumors preoperatively in a non-invasive manner. Despite the recent advances in probe
development, the best success story for preoperative clinical lesion detection so far is the
untargeted 18F-FDG, a small and fairly general agent for the imaging of increased (tumor)
metabolism that can be applied to detect a wide variety of tumor types.[2]

Unfortunately, 18F-FDG is not tumor specific and also accumulates in other areas with
increased metabolism. Detection of tumor cells using specific targets on these cells may be a
promising addition to the clinical field of molecular imaging. A possible example of such a
method is targeting of tumor-induced angiogenesis e.g. by using the already well-validated
“small” cyclic Arg-Gly-Asp (RGD) peptide-derivatives. These small peptides bind to the
transmembrane αvβ3 integrins, which are mainly expressed on activated endothelial cells
involved in angiogenesis.[3, 4] Besides detection of cancerous lesions, integrin-targeting
imaging agents might also be of value in other applications in which angiogenesis is part of
the pathophysiological process, for instance in atherosclerosis, vulnerable plaque formation,
inflammatory and infectious processes.[5-9]

Fluorescence based surgical guidance is an extension of molecular imaging into the field of
surgery, that can also be called interventional molecular imaging.[10] Currently, clinical
fluorescence guidance is predominantly confined to visualization of sentinel lymph nodes
using (untargeted) dyes such as indocyanine green (ICG) or methylene blue.[11, 12] For
targeted clinical fluorescence imaging only the metabolic tumor activity imaging with 5-
aminolevulinic acid (5-ALA),[13] and more recently FITC-folate for the detection of ovarian
cancer have been reported.[14] 5-ALA is clinically used in visualizing superficial and brain
tumors e.g. glioblastoma,[13] where the red emission can be accurately seen on top of the
gray brain mass.[15] Folate targeted imaging was explored in folate receptor-alpha over-
expressing tumors like ovarian, renal, lung and breast cancer,[16] and was used to detect sub
millimeter metastases. The success of these relatively small tumor targeted imaging agents
might well be linked to their complete and rapid circulation. It would be interesting to study
the small RGD-derivatives, as a potential third clinical imaging probe for interventional
molecular imaging of tumors and their (distant) metastases demonstrating tumor-induced
angiogenesis.

Combining detection orientated and interventional molecular imaging widens the
applicability of both approaches. Multimodal or rather hybrid imaging agents can combine
the best characteristics of two modalities.[17] Previously we have shown that hybrid imaging
agents, which are both radioactive and fluorescent, allow for integrated diagnostics of the
(sentinel) lymph nodes receiving drainage directly from the tumor.[18, 19] In this concept, the
radioactive signal is used to visualize the lesion preoperatively and to plan the surgical
intervention accordingly (Fig. 1 and movie supplement of ref 20). The fluorescent beacon,
on the other hand, is used to provide optical surgical fluorescence guidance. Next to the
preclinical validation this concept has also proven its added value in clinical sentinel node
procedures.[20-22] Similarly, this hybrid imaging technology platform can also be
extrapolated to targeted imaging applications with e.g. peptides,[23] antibodies,[24] and
diabodies.[25] In this line of reasoning, a hybrid RGD-derivative is most desirable serving
the advantages of preoperative nuclear imaging and intraoperative fluorescence imaging in
one targeted imaging agent. Such a probe could also be applied in ex vivo pathological
evaluation of excised specimens to identify tumor tissue and validate tumor free excision
margins. Although, a number of such multimodal RGD-derivatives have already been
reported in literature,[26-30] to the best of our knowledge so far none has been studied for
their potential in surgical guidance and combined pre- and intraoperative imaging.

Bunschoten et al. Page 2

Chembiochem. Author manuscript; available in PMC 2013 May 07.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



In the current study we evaluate the feasibility of combining pre-, intra- and postoperative
angiogenesis imaging using a targeted hybrid approach (Fig. 1). Here fore, the hybrid
imaging agent 111In-MSAP-RGD was generated and its ability to visualize tumor lesions
was assessed in a mouse model for breast cancer.

Results
Based on the well-validated cyclic RGD-pentapeptide [31, 32] we synthesized a DTPA-RGD
analogue, similar to a peptide of which the efficacy in tumor imaging was previously
demonstrated by van Hagen et al.[33] For multimodal detection a hybrid derivative, MSAP-
RGD, was synthesized (Scheme 1). In the latter, only the diagnostic label is different; the
MSAP label contains a cyanine dye on top of the DTPA chelate (Scheme 1), which
fluoresces in the near infrared (NIR) region. The hybrid MSAP-RGD derivative is still
capable of binding to αvβ3-expressing cells selectively as determined by FACS analysis (see
Fig. SI1). Both the DTPA-RGD and MSAP-RGD derivatives allow for accurate detection of
4T1 tumors Balb/c nude mice using SPECT/CT (Fig. 2).

The biodistribution was evaluated according to “standard” radioisotope analysis using the
radioactive label of both 111In-DTPA-RGD and 111In-MSAP-RGD (Table 1). Fluorescence
based biodistribution measurements will be influenced by the limited tissue penetration of
the fluorescent signal and by the background fluorescence, e.g. autofluorescence of tissue
and chow, as shown by tissue autofluorescence measurements of untreated mice (Fig. SI2).
Especially the intestine and stomach will be largely influenced by the autofluorescence. The
distribution data show that both imaging agents accumulate significantly in the tumor
compared to other organs. Although the relative distribution of both imaging agents is
approximately the same, the MSAP derivative shows, on average, a factor 10 higher %ID/g
at 24 hr post injection in most tissues. Nevertheless, this higher background signal did not
diminish the quality of the SPECT/CT image (Fig. 2) because the tumor/muscle ratios are
almost identical for both the DTPA- (11.11 ± 4.16) and MSAP-derivative (9.03 ± 3.81).
Consequently the increase in retention does not appear to alter the specificity of the RGD-
peptide. The biodistribution shows a relative high %ID/g for e.g. the lungs, nevertheless this
large low-density organ is not causing significant background signal in the SPECT/CT (Fig.
2).

To study the link between the increased retention of MSAP-RGD and the possible
interactions of the fluorescent dye with albumin, the biodistribution of albumin was
determined using 99mTc-Vasculosis (see SI) (Table 1, excluding tumor). At 24h the ratio
found for 99mTc-Vasculosis and MSAP-RGD was 1.4±0.8 (average of all measured organs
excluding tumor and blood, a ratio of 1 would mean complete overlap) while the ratio
of 99mTc-Vasculosis with DTPA-RGD was 16.2±10.2. This similarity indicates involvement
of HSA in the distribution of MSAP-RGD.

At microscopic level the same hybrid probe could be visualized in fresh tumor tissue by
confocal microscopy after iv injection of MSAP-RGD (Fig. 4B). The biodistribution of the
tracer could also be visualized by ex vivo fluorescent imaging of the organs, resulting in
high signals from the primary tumor, metastases, kidneys and liver (Fig. 3C and SI3). A
drawback of this method is the high (auto)fluorescence signal from the intestine and
stomach, which originates (mainly) from the chow (Fig. SI2). For this reason, these organs
are covered in Figure 3B. None or very low fluorescence was observed from the
(coagulated) blood, brain, heart, lungs, spleen, muscle, mammary fat pad and lymph nodes
(Fig. SI3).
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The added value of the RGD-based multimodal surgical guidance approach becomes most
apparent when applied to animals with distant metastases in the head and neck region. The
SPECT/CT image shows, first of all, the primary tumor as a dark spot surrounded by a ring
of activity (approx. 15 × 11 mm)(Figure 3A). Therefore, fluorescence imaging will visualize
especially tumor margins, which is exactly what is surgically required. As the tumor rim
shows the highest blood vessel density (Figure 4A), the rim contains significant amounts of
the RGD probe. The high vascularization in this area was confirmed using FITC-lectin
perfusion experiments and CD31 fluorescence immunohistochemistry. IHC confirmed that
the primary tumor had a necrotic core (Fig. SI4), which is in agreement with the low
functional blood vessel density in the core. Ex vivo fluorescence microscopy of the excised
tissue confirmed that the accumulation of MSAP-RGD was most abundant in the well-
vascularized outer rim of the tumor (Figure 4B). As such the primary tumor margins are
illuminated (Figure 3B and C).

Due to tissue attenuation of the fluorescent signal, the metastases (Figure 3A) could initially
not be detected using fluorescence imaging alone. Guided by the preoperative SPECT/CT
image it was, however, possible to locate the metastases via fluorescence imaging after
removal of overlying tissue. Subsequently, all five metastases (approx. 3 × 3 mm) situated in
the head and neck area of the animal could be excised. Pathologic analysis confirmed the
presence of tumor cells in these excised tissue specimens (Fig. S4B).

Discussion
By using a multimodal derivative of RGD (111In-MSAP-RGD) we have expanded our
hybrid surgical guidance concept to a targeted approach using angiogenesis imaging. It is
well known and established that cancer outgrowth and the formation of distant metastases is
led, among other phenomena, by hypoxia and angiogenesis.[34] It was previously shown that
RGD peptides retain their affinity for αvβ3 integrin after functionalization with a hybrid
optical and nuclear imaging label, which is structurally similar to that of our reported MSAP
label.[27] MSAP-RGD binds also to αvβ3-expressing cells specifically after conjugation to
the MSAP label (Fig. SI1).

As we have previously shown for sentinel lymph node procedures, the added value of the
hybrid approach over conventional fluorescence imaging lies in the ability to accurately plan
surgery by pre-operative visualization. In this case 111In-MSAP-RGD allows the detection
of the primary tumor (i.e. primarily visualization of the tumor margins) and its distant
metastases using SPECT/CT imaging (Fig. 1 and 3).

In our recent review on multimodal tumor targeted peptides we found that “large”
multimodal quantum dots and dendrimer-based imaging agents functionalized with RGD-
peptides had difficulties extravasating and subsequently targeting of tumors and had a very
negative influence on the biodistribution.[23, 35, 36] This underlines that the optimal
multimodal label should be small to facilitate rapid and complete distribution and should,
preferably, only consist of the two imaging labels on a small scaffold. However, “small”
(peptidic) imaging agents generally show fast (renal) clearance limiting the time to bind to
its target and limiting the time for the preoperative imaging, surgical planning and the actual
surgical intervention. To overcome this mismatch, non-covalent interactions with a
biological carrier molecule might be used to improve the retention of the small imaging
agent. It has previously been shown that peptides labeled with cyanine dyes, such as the one
present on the MSAP label, can interact with albumin, thereby influencing the
pharmokinetics of the agent in the body.[37, 38] The addition of the cyanine dye resulted
indeed in an increased retention of MSAP-RGD compared to the DTPA-RGD, most likely
because of its non-covalent interaction with albumin. At 24h the distribution ratios of
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MSAP-RGD and 99mTc-albumin (Vasculosis) are highly similar (excluding blood and
tumor). We previously demonstrated that competing binding sites could easily break the
non-covalent interactions between cyanine dyes and HSA. Therefore we reason that albumin
merely acts as a carrier molecule and as such, alters the pharmacokinetics of MSAP-RGD.
When the MSAP-RGD guest molecules are exposed to an alternative binding site, they will
thus be striped of the initial albumin-carrier molecules (Fig. 5). Consequently, it can be
expected that the amount of MSAP-RGD in the blood is no longer in relation to the amount
of 99mTc-Vasculosis at 24 hours. The interactions between MSAP-RGD and albumin might
explain the increase in general retention and the increase in signal from the tumor. The
increased uptake improves the signal retention yielding a higher fluorescence signal from
the target lesions. The similar T/M ratios indicate preservation of the αvβ3-integrin specific
uptake of the hybrid agent. As intra-operative fluorescence imaging may be less sensitive
than nuclear imaging this increase in retention may aid in fluorescence based identification
of the target lesions during the surgical intervention.

The added value of the multimodal RGD peptide over a mono-functionalized DTPA-
derivative is showcased in Figure 1 and 4. Herein we depict the preoperative planning and
orientation followed by intra-operative fluorescence imaging of the same compound (111In-
MSAP-RGD) in vivo. Although mono functionalized 111In-DTPA-RGD would allow a
surgeon to delineate where the tumor is in a 3D-SPECT/CT image (clinical resolution up to
10 mm), due to the lack or real-time feedback it would not allow surgical navigation to its
precise location. It would also not allow visualization of the tumor margins during surgery.
Overall, this would make it especially difficult to excise small clustered metastases as those
found in the head and neck area of the mice (Fig. 3). On the other hand, our clinical
experience has taught us that the tissue attenuation of a (NIR) fluorescent signal will not
enable detection of lesions located deeper than one centimeter. The limited tissue
penetration of fluorescent signals is, however, beneficial for approaching the tumor and its
margins in the cm-mm range. Moreover, as we have found in a clinical setting, the limited
tissue penetration of fluorescence ensures shielding of fluorescent background signals.[20, 21]

Unless a tumor is directly associated with the liver or kidneys, the auto-fluorescence, as
observed in mice (Fig. SI2 and SI3) is not expected to be problematic in the translation of
this technology to humans.

Applying each single-modality technique by itself might result in an incomplete tumor/
metastases excision. The multimodal hybrid approach, however, combines the advantages of
the two individual techniques and enables accurate 3D identification of the primary tumor
and its metastases (Fig. 1-3), while supporting the surgeon to accurately navigate towards
the suspected lesions and offering diagnostics to the pathologist (Fig. 4). By using the hybrid
technology we preserve the current standard of care (i.e. nuclear medicine for surgical
planning) and add to this an additional feature of fluorescence detection.[39] Because of the
navigation based on nuclear imaging, the application of our hybrid approach does not
depend on the tissue penetration of the fluorescent emission. This may create the possibility
to use fluorescent dyes that emit in the visible range in a hybrid imaging approach.

The wide application of angiogenesis/integrin imaging,[9] suggest MSAP-RGD is a
promising candidate for further development and perhaps even clinical translation. It could
supplement the already clinically validated hybrid imaging agent (ICG-99mTc-NanoColl) for
integrated surgical guidance.[20, 21] Moreover, conceptually it would also pave the way for
other tumor targeted peptides or small conjugates e.g. those that target the chemokine
receptor 4 (CXCR4).[40, 41]
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Conclusion
Tumors at the implantation site and small tumor foci distal to implantation (“metastases”)
were successfully detected by SPECT/CT (pre-operatively) and by fluorescence imaging
(intra-operatively) after iv injection of the multimodal MSAP-RGD reagent. This strategy
most likely would result in improved margin delineation, and improved detection and
resection of metastases.

Experimental Section
General

NMP, DCM, DMF, CH3CN, MTBE, hexanes (AR-S grade) and TFA (peptide synthesis)
were obtained from Biosolve (Valkenswaard, The Netherlands). DTPA(tBu)4 was purchased
from Macrocyclics (Dallas, USA). Protected amino acids and PyBop were purchased from
Novabiochem (Merck, Darmstadt, Germany). TIS, HFIP, HOBt, DMSO, BOP and DIPEA
were obtained from Sigma-Aldrich (Zwijndrecht, The Netherlands). TentaGel S TRT-Gly-
Fmoc was obtained from Rapp Polymere (Tübingen, Germany). Animals received standard
chow, as we previously observed that this does not influence the clinical translation of
hybrid imaging agents wherein a radiolabel can be used to monitor the distribution.[18-20]

RGD
c[RGDfK] was synthesized by solid phase peptide synthesis using a trityl resin (Tentagel S
TRT-Gly-Fmoc) and applying the Fmoc/tBu strategy with PyBop as coupling reagent. The
protected peptide was cleaved from the resin with 20% HFIP in DCM and was cyclized with
BOP/HOBt/DIPEA. After deprotection with 95% TFA/2.5% TIS/2.5% water and
precipitation in MTBE/hexanes the peptide was purified by preparative HPLC using a
Waters HPLC system with a UV detector operating at 220 nm and a Waters Atlantis C18 10
μm (250 × 19 mm) column. A gradient of 0.1% TFA in H2O/CH3CN 95:5 to 0.1% TFA in
H2O/CH3CN 5:95 in 40 minutes was used. The product was obtained as a white fluffy solid
after pooling of the appropriate fractions and lyophilization.

MSAP
The multifunctional single attachment point reagent (MSAP), containing a Cy5.5 derivative
(CyAL-5.5b, λex= 674 nm; λem= 693 nm)[42] and a DTPA-chelate, was synthesized
according to previously described procedures.[40, 43]

MSAP-RGD
c[RGDfK] (1.24 mg, 1.5 μmol) and the MSAP-reagent (1.0 mg, 0.6 μmol) were dissolved
in DMSO (400 μL). DIPEA (5 μL, 30 μmol) was added and the mixture was stirred
overnight at room temperature, after which the product was purified by preparative HPLC as
described above. (Scheme 1) The product was obtained as a blue fluffy solid (1.2 mg, 84 %)
after pooling of the appropriate fractions and lyophilization. MS (MALDI-TOF): [M+H]+

calculated for C102H138N19O28S3: 2172.9, found 2172.9.

DTPA-RGD
DTPA(tBu)4 (4.1 mg, 6.6 μmol), NHS (0.76 mg, 6.6 μmol) and DCC (1.36 mg, 6.6 μmol)
were dissolved in DMF (1 mL) and stirred for 30 min. Next c[RGDfK] (5 mg, 6 μmol) and
DIPEA (2 μL, 12 μmol) were added and the reaction was stirred overnight. After
concentration in vacuo, the product was deprotected with 95% TFA/2.5% TIS/2.5% water
and purified by preparative HPLC as described above. (Scheme 1) The product was obtained
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as a white fluffy solid (2.4 mg, 36%) after pooling of the appropriate fractions and
lyophilization. MS (ESI): [M+H]+ calculated for C41H63N63O16: 979.4, found 978.7.

Radiolabeling
For radiolabeling, MSAP-RGD (40 μg, 18 nmol) or DTPA-RGD (25 μg, 25 nmol) was
dissolved in 0.1M acetic acid (50 μL) and 111InCl3 (110 MBq/ 300 μL, 30 μL; Covidien-
Mallinckrodt) was added. After 30 minutes of incubation, labeling was validated using thin
layer chromatography. In all cases, labeling efficacy was >99%. Before injection, saline
(100 μL) was added.

Generation 4T1 tumor model
Cells were cultured under standard conditions in MEM medium containing MEM vitamins,
l-glutamin, non-essential amino acids, natrium/pyruvate and penicillin/streptomycin solution
(all BD Biosciences). Before transplantation, cells were trypsinized and washed with HBSS
(BD Biosciences). For generation of the tumor lesions, 4T1-luc+ tumor cells (0.25×105)
were transplanted into the 4th mammary fatpad of Balb/c nude mice (n = 11; 6-8 weeks of
age). All animal experiments were performed in accordance with Dutch welfare regulations
and approved by the local ethics committee.

SPECT/CT imaging
Mice were injected intravenously with 111In-MSAP-RGD (40 μg, 18 nmol, 10MBq)
or 111In-DTPA-RGD (25 μg, 25 nmol, 10 MBq). SPECT/CT scans were conducted as
described previously on a preclinical SPECT/CT scanner (Nanospect; Bioscan) at 24 hr post
injection.[18] CT images were used to provide anatomical reference to the location of the
tumor and its metastases. Images were reconstructed and evaluated using identical settings
and cut off values.

In vivo fluorescence imaging and biodistribution
Mice were sacrificed directly after SPECT/CT imaging and the blood was drawn by cardiac
puncture. In vivo fluorescence images of 111In-MSAP-RGD injected mice were recorded
using the standard Cy5.5 settings (λex=615-665, λem=695-770) of the IVIS 200 (Caliper
LifeSciences). After dissection of the skin, the abdomen was covered to exclude the
autofluorescence from this region. Next the organs were surgically removed and the
fluorescence originating from these tissues was measured (photons/s/cm2/sr) (Cy5.5
settings). Quantification was performed using Living Image 3D software package (Caliper
LifeSciences). The biodistribution of 111In-DTPA-RGD and 111In-MSAP-RGD was
determined by measuring the amount of radioactivity present in the organs, using a gamma
counter (Wizard 3” 1480 automatic gamma counter, Perkin Elmer; 245kev; 60sec). Counts
per minute were converted into MBq and corrected for decay. The percentage of the injected
dose per gram of tissue (%ID/g) was calculated as followed: ((MBq measured in tissue/
injected dose) *100%)/weight of tissue.

Immunohistochemistry of (functional) blood vessels and H&E staining
To stain the functional vascularization of the tumor, fluorescein isothiocyanate-conjugated
Lycopersicon esculentum (tomato) lectin (FITC-lectin) (Vector laboratories) was injected
intravenously into the tail vein of one mouse and was allowed to circulate for 5 minutes.
Afterwards the mouse was euthanized and perfused for 5 minutes with PBS via the left
ventricle at a constant speed of 3 mL/min. Subsequently, tumors were removed and snap-
frozen in liquid nitrogen. Cryosections were cut at 7 μm and adhered to StarFrost
Microscope Slides (Knittel Glass). Slides were stored at -80 °C until use. For visualizing the
total amount of present blood vessels, tumor tissue was immunostained with an antibody
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against mouse-CD31. Slides were fixed for 10 minutes in acetone at -20 °C, rinsed twice in
PBS and aspecific binding was blocked by incubation for 20 minutes with serum-free
ProteinBlock (Dako Cytomation). Next, the slides were incubated o/n with a primary rat-
anti-mouse CD31 antibody (PECAM-1, BD Biosciences Pharmingen), diluted 1:50 in 1%
BSA in PBS, at 4 °C. After that, slides were washed 3 times with PBS and incubated for 1 hr
with an AlexaFluor 594 labeled secondary rabbit-anti-rat IgG (H+L) (Invitrogen) 1:100
diluted in 1% BSA in PBS, at room temperature. Slides were washed again 3 times with
PBS and mounted with Vectashield Mounting Medium for Fluorescence (Vector
laboratories). Coverslips were sealed with nail polish and the slides were stored in the dark
at 4 °C. For visualizing the accumulation of MSAP-RGD, slides with tumor tissue were
sealed untreated and photographs were taken on a confocal microscope (Leica Microsystems
CMS GmbH). Tissue morphology was examined by standard H&E-staining.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Hybrid tumor-targeting approach. Injection of a hybrid tumour targeted agent allows
preoperative nuclear imaging and intraoperative image guided surgery
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Figure 2.
A) MIP SPECT/CT image obtained with 111In-DTPA-RGD, B) MIP SPECT/CT with 111In-
MSAP-RGD. Due to the higher retention of the tracer at 24h the accumulation in B is more
intense when both tracers are imaged with identical settings (see also Table 1)
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Figure 3.
Surgical guidance towards the tumor margins of the primary tumor and distant metastases
after injection of 111In-MSAP-RGD. A) Planning SPECT/CT image depicting both the rim
of the primary tumor and distant metastases in the neck area (mouse belly down), B)
Fluorescence imaging (organs are shielded) depicting the margins of the primary tumor
(mouse belly up), C) Ex vivo fluorescence imaging of the tumor and distant metastases
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Figure 4.
Tumor tissue ex vivo, demonstrating tumor vascularity, viability and distribution of 111In-
DTPA-RGD A) perfusion of the tumor rim visualized with Fitc-lectin perfusion and
incubation with a rat-anti-mouse CD31 antibody followed by an AlexaFluor 594 labeled
rabbit-anti-rat antibody (20×), B) Fluorescence imaging (λem633nm) of MSAP-RGD in the
tumor rim 24h after iv injection (10×)
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Figure 5.
The non-covalent interaction of MSAP-RGD is reversible and the equilibrium can be shifted
to the right side by interactions with αvβ3-integrins and alternative (non-specific) binding
sites.
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Scheme 1.
Synthesis and radiolabeling of DTPA-RGD and MSAP-RGD
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Table 1

Biodistribution of 111In-DTPA-RGD and 111In-MSAP-RGD at 24h post iv injection

111In-DTPA-RGD (% ID/g)[a]
111In-MSAP-RGD

(% ID/g) [a] Ratio MSAP-RGD/DTPA-RGD 99mTc-HSA (% ID/g)[b]

Blood 0.03 (±0.01) 0.13 (±0.02) 5.2 3.74 (±0.21)

Brain 0.02 (±0.03) 0.05 (±0.01) 2.1 0.10 (±0.01)

Lungs 0.07 (±0.02) 1.00 (±0.29) 14.0 1.80 (±0.43)

Heart 0.03 (±0.01) 0.70 (±0.12) 22.6 1.31 (±0.24)

Liver 0.27 (±0.10) 4.87 (±1.17) 17.9 1.98 (±0.16)

Kidneys 0.78 (±0.10) 9.26 (±1.40) 11.8 3.83 (±0.25)

Spleen 0.17 (±0.08) 1.61 (±0.60) 10.6 1.52 (±0.16)

Stomach 0.07 (±0.02) 0.69 (±0.21) 10.4 0.81 (±0.13)

Intestines 0.09 (±0.02) 0.98 (±0.24) 11.1 1.83 (±0.12)

Muscle (paw) 0.03 (±0.01) 0.31 (±0.08) 12.1 0.27 (±0.13)

Fat (neck) 0.02 (±0.01) 0.28 (±0.12) 11.1 0.48 (±0.04)

Mammary gland 0.03 (±0.01) 0.25 (±0.10) 8.3 0.68 (±0.40)

Inguinal LN 0.04 (±0.02) 0.42 (±0.27) 11.7 0.81 (±0.22)

Axilary LN 0.12 (±0.06) 0.98 (±0.33) 8.5 1.86 (±0.26)

Tumor 0.26 (±0.03) 2.59 (±0.55) 10.0 n.d.

T/M ratio 11.11 (±4.16) 9.03 (±3.81)

[a]
n=5,

[b]
n=3; data given as average (±SD)
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