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Abstract

Peripheral Arterial Disease (PAD) consists of a persistent obstruction of lower-extremity arteries 

further from the aortic bifurcation attributable to atherosclerosis. PAD is correlated with an 

elevated risk of morbidity and mortality as well as of deterioration of the quality of life with 

claudication and chronic leg ischemia being the most frequent complications. Therapeutic 

angiogenesis is a promising therapeutic strategy that aims to restore the blood flow to the ischemic 

limb. In this context, assessing the efficacy of pro-angiogenic treatment using a reliable non-

invasive imaging technique would greatly benefit the implementation of this therapeutic approach. 

Herein, we describe the angiogenesis and perfusion recovery characteristics of a mouse model of 

PAD via in vivo positron emission tomography (PET) imaging of CD146 expression. For that, 

ischemia was generated by ligation and excision of the right femoral artery of Balb/C mice and 

confirmed through Laser Doppler imaging. The angiogenic process, induced by ischemia, was 

non-invasively monitored and quantified through PET imaging of CD146 expression in the injured 

leg using a 64Cu-labeled anti-CD146 monoclonal antibody, 64Cu-NOTA-YY146, at postoperative 

days 3, 10 and 17. The CD146-specific character of 64Cu-NOTA-YY146 was verified via a 

blocking study performed in another cohort at day 10 after surgery. Tracer uptake was correlated 

with in situ CD146 expression by histological analysis. PET scans results indicated that 64Cu-

NOTA-YY146 uptake in the injured leg was significantly higher, with a highest uptake with a 

value of 14.1 ± 2.0 %ID/g at postoperative day 3, compared to the normal contralateral hindlimb, 

at all time points (maximum uptake of 2.2 ± 0.2 %ID/g). The pre-injection of a blocking dose 

resulted in a significantly lower tracer uptake in the ischemic hindlimb on day 10 after surgery, 

confirming tracer specificity. CD146/CD31 immunofluorescent co-staining showed excellent 

correlation between the high uptake of the tracer with in situ CD146 expression levels and a 

marked co-localization of CD146 and CD31 signals. In conclusion, persistent and CD146-specific 

tracer accumulation in the ischemic hindlimb was observed, confirming the feasibility of 64Cu-
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NOTA-YY146 to be used as an imaging agent to monitor the progression of angiogenesis and 

recovery in future PAD research.
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INTRODUCTION

One in three U.S. adults has at least one type of cardiovascular disease (CVD)1. Peripheral 

arterial disease (PAD) is one of the manifestations of CVD that affects an estimate of 12–

20% Americans over 65 years of age and accounts for a major portion of CVD-related 

morbidity and mortality2,3. PAD significantly decreases quality of life, results in a 

progressive decay in function of the lower extremities over time4,5, and have shown to triple 

the 5-year mortality rate in patients with intermittent claudication6. PAD is an 

atherosclerotic process that causes stenosis and occlusion of peripheral arteries, resulting in 

tissue hypoxia7. Ischemic tissues are known to secrete paracrine angiogenic factors, 

especially vascular endothelial growth factor (VEGF) and others, that subsequently induce 

angiogenesis as a compensatory response to reestabilsh the blood circulation8.

Therapeutic angiogenesis, which is the stimulation of growth of new blood vessels to replace 

diseased and dysfunctional arteries, represents an auspicious approach that could restore 

peripheral circulation and quality of life in PAD patients. For that reason, PAD patients are 

always considered for revascularization therapies with the goals of relieving pain, healing 

ischemic ulcers and preventing limb loss9. Growth factors and other several pro-angiogenic 

treatments have been suggested to improve tissue revascularization in PAD10,11. In this 

sense, in vivo visualization of angiogenic reperfusion can potentially be a fundamental 

approach to ascertain PAD development, monitoring and response to treatment. However, 

evaluation of proangiogenic-based therapies has been limited by the lack of reliable, non-

invasive imaging methods12.

Conventional imaging approaches such as Doppler ultrasonography, magnetic resonance 

imaging (MRI), and contrast angiography are generally used to investigate ischemic process 

in PAD patients8,13, but each has its disadvantages such as low reproducibility, inability to 
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provide precise information on subtle changes in blood flow, and low sensitivity for 

molecularly targeted imaging14,15. In contrast, Positron emission tomography (PET), is a 

noninvasive quantitative molecular imaging technique that can provide a sensitive evaluation 

of the processes that regulate vascular disease pathogenesis, progression, and therapeutic 

response, including the assessment of angiogenesis as a results of limb ischemia16. Several 

radiolabeled imaging agents designed to monitor PAD-induced angiogenesis have been 

described, mostly based on antibodies that target VEGF receptors or small molecules 

targeting integrin receptors17. CD146 (cluster of differentiation 146) is a cell adhesion 

molecule (CAM) that has been identified as a marker of vascular endothelial cells; it is 

highly expressed on the entire vascular tree during embryogenesis, and crucially participates 

in vascular development thereafter. Moreover, CD146 expression have shown to drive, in 

part, tumor-angiogenesis in several types of tumors, supporting evidence that CD146 is a 

feasible marker for angiogenesis18. Our group has previously described the development of a 

CD146-targeting tracer through radiolabeling of YY146, a murine anti-CD146 monoclonal 

antibody, for successful immunoPET imaging of a diverse range of murine tumor models 

overexpressing CD14619–22.

Herein, we report the use of 64Cu-NOTA-YY146 (NOTA denotes 1,4,7- 

triazacyclononane-1,4,7-triacetic acid) for the quantitative, non-invasive monitoring of 

angiogenesis in a murine hindlimb ischemia model of PAD through PET imaging. The 

mouse hindlimb ischemia is a well-established model that provides a well-defined and 

previously-characterized platform that is integral to preclinical studies both for testing new 

therapeutic angiogenesis strategies and for studying the mechanistic control of 

neovascularization in vivo23. CD146 expression levels in that model were non-invasively 

assessed for up to 2 weeks and validated by PET imaging, Laser Doppler imaging, 

biodistribution data and immunohistochemical analysis.

EXPERIMENTAL SECTION

Mouse model of hindlimb ischemia

All animal studies were conducted under a protocol approved by the University of 

Wisconsin Institutional Animal Care and Use Committee. A thorough protocol of induction 

of unilateral hindlimb ischemia have been described elsewhere24,25. Briefly, six-week-old 

female BALB/c mice (Envigo, Madison, WI) were anestesized and hindlimb ischemia in the 

right leg was induced through a roughly 3 step process: (i) exposition of the femoral triangle, 

(ii) isolation followed by occlusion of proximal and distal ends of the femoral artery 

proximal to the popliteal artery and finally (iii) excision of the transect segment of femoral 

artery between the suture knots. An internal control was done by performing a sham 

procedure on the contralateral leg. Since wound healing is naturally a highly angiogenic 

process, the incision was located on the mid-abdominal level to exclude the likelihood of 

superposition of radioactivity signals from the ischemic muscle tissue and the surgical 

wound.

Ferreira et al. Page 3

Mol Pharm. Author manuscript; available in PMC 2019 August 06.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



NOTA Conjugation and 64Cu-labeling of YY146

Comprehensive procedure details for NOTA conjugation, 64Cu production and labeling have 

been previously reported22. In brief, p-SCN-Bn-NOTA in DMSO was added to an antibody 

solution (approximately 3mg of YY146 in PBS), in a 5:1 molar ratio; pH was adjusted to 

8.5–9.0 with Na2CO3 (0.1 M) and the reaction was kept shaking at room temperature for 2h. 

The conjugated antibody was purified through a size exclusion PD-10 column (GE 

Healthcare) with PBS (pH 7.0) as the mobile phase. 50–100μg of NOTA-YY146 was then 

added to 74-148MBq (2–4mCi) of 64CuCl2 in 300 μL of NaAc buffer (0.1 M, pH 4.5) and 

kept shaking (500 rpm) at body temperature (37 °C) for 30 min. 64Cu-NOTA-YY146 was 

separated from free 64Cu also using PD-10 columns. Radio-instant thin-layer 

chromatography (iTLC), with EDTA 50mM (pH 4.5) as mobile phase, was used to assess 

the labeling yields and radiochemical purity of the radiolabeled compound.

Small animal PET Imaging and biodistribution studies

An Inveon microPET/micro-CT rodent model scanner (Siemens Medical Solutions) was 

used to obtain PET Scans. For that, the animals (n=4) were tail-vein injected with 5–10 MBq 

(135–270μCi) of 64Cu-NOTA-YY146 and anesthetized with isoflurane (4% for induction 

and 2% for maintenance). PET scans were recorded in similar conditions to previously 

reported12 at 4, 24, and 48 h after the injection of 64Cu-NOTA-YY146. A total of three 

longitudinal PET studies were performed at days 3, 10 and 17 after the hindlimb ischemia 

generation surgery. To assess the 64Cu-NOTA-YY146 specificity in vivo, a receptor-

blocking study (n=3) was carried out in which the animals were first injected with a 

blocking dose (10 mg/kg) of unlabeled YY146 24 hours prior to the administration of the 

radiolabeled antibody. Images were obtained following the same protocol described above 

and analyzed accordingly. Inveon Research Workplace software (Siemens Medical 

Solutions) was used to perform region-of-interest (ROI) analysis and quantify tracer uptake 

in major tissues. Quantitative results are given as percentage injected dose per gram of tissue 

(%ID/g; mean ± SD).

Also at postoperative days 3, 10 and 17, a separate group of mice were administered 

intravenously 3.7 MBq (100 μCi) of 18F-FDG and then kept under isoflurane anesthesia for 

an uptake period of 1h. Images were acquired using the same protocol described for small 

animal PET imaging studies and analyzed accordingly.

Ex vivo biodistribution studies were carried out to validate the veracity of PET findings as 

well as to obtain a full biodistribution profile of the 64Cu-NOTA-YY146. Promptly after the 

final PET scan at 48 h p.i., on postoperative day 17, mice were euthanized by CO2 

asphyxiation, and all major organ/tissues as well as blood were collected and weighed. The 

radioactivity of each tissue was measured using a WIZARD2 automated gamma-counter 

(Perkin-Elmer). Quantified tissue uptake is herein reported as %ID/g (mean ± SD).

Laser Doppler Imaging of hindlimb perfusion

Laser Doppler images were acquired before and immeditaly upon surgery as well as at 

postoperative days 3, 10 and 17 using a laser Doppler imaging system (moorLDI2-HR, 
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Moor Instruments, DE, USA). During the procedure, the core temperature of the animals 

was monitored to ensure euthermia.

Histology

Muscular tissue from the operated hindlimb was harvested, at different timepoints, and 

frozen in Tissue-Tek O.C.T compound (Sakura Finetek U.S.A., Inc. CA). The slices were 

fixed as reported previously12 and then incubated with a mixture of YY146 (5 μg/mL) and 

rat anti-mouse CD31 antibody (BD Biosciences, San Jose, CA) for 1 h at RT. To allow 

visualization of positive areas, the slices were then incubated with AlexaFluor488-labeled 

goat anti-human IgG (Invitrogen, Eugene, OR) and Cy3-labeled donkey anti-rat IgG 

(Jackson Laboratories, West Grove, PA) secondary antibodies. All images were acquired 

with a Nikon Eclipse Ti-E microscope.

Statistical analysis

Data are presented as mean ± standard deviation (SD). The 2-tailed paired and unpaired 

Student t-tests were used to test differences within animals (ischemic versus non-ischemic 

contralateral hindlimb of mice) and between animals of different groups. A P value less than 

0.05 was considered statistically significant. The authors had full access to and took full 

responsibility for the integrity of the data.

RESULTS

Laser Doppler Imaging of hindlimb perfusion

Hindlimb ischemia was generated in the right leg through excision of the right femoral 

artery, with clear diminished blood flow in the right leg post-ischemia (Figure 1), confirmed 

by laser Doppler imaging. Since our group have already successfully used this hindlimb 

ischemia model in a quantitative manner12,26 and have demonstrated that the average injured 

tissue perfusion ratio decreased from 0.896 ± 0.098 right before surgery to 0.218 ± 0.077 

right after surgery (n = 3; P < 0.01)12, and that, by day 17, the perfusion ratio was 0.81 

± 0.2426, herein we present Laser Doppler Imaging more qualitatively to analyze blood 

perfusion. It is possible to observe (Figure 2D) that the blood flow was largely restituted by 

postoperative day 17, in accordance with previously published studies12,26.

18F-FDG PET Imaging

Longitudinal 18F-FDG scans were performed to evaluate the status of inflammatory 

processes in the operated leg on postoperative days 3, 10 and 17 (Figure 2A). ROI analysis 

of the PET images was used to quantify the 18F-FDG uptake in the heart, liver, kidneys as 

well as normal and ischemic legs (Figure 2B). The uptake in the heart was above 30% ID/g 

for all the time points, while the uptake in the kidney was 20.8 ± 1.8, 24.7 ± 8.6 and 14.1 

± 1.9 %ID/g at postoperative days 3, 10 and 17 respectively. The maximum uptake in the 

liver was found to be 5.5 ± 0.5 % ID/g at day 10. 18F-FDG uptake in the ischemic leg versus 

normal leg (Figure 2C) was significantly different (p< 0.05) at postoperative days 3 and 10, 

but non-significantly different at day 17. The uptake values for the normal and ischemic leg 

were 1.1 ± 0.1 vs. 3.1 ± 0.3 %ID/g, 1.8 ± 0.3 vs. 4.9 ± 0.2 %ID/g, and 2.2 ± 0.7 vs. 3.3 

± 0.7 %ID/g at days 3, 10, and 17, respectively.
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NOTA Conjugation and 64Cu-labeling of YY146

Radiolabeling of 64Cu-NOTA-YY146 was carried out with high labeling yield (> 80%) with 

radiochemical purity of > 95%, as both determined by instant thin-layer chromatography. 

Owning to the high specific activity of 64CuCl2 we were able to attain a specific activity for 

the purified 64Cu-NOTA-YY146 of~185 MBq (5 mCi)/μmol.

64Cu-NOTA-YY146 PET Imaging and biodistribution studies

Mice (n=4) were injected, through the tail vain, with 64Cu-NOTA-YY146 on postoperative 

days 3, 10 and 17 and longitudinal PET images were acquired at 3, 24 and 48h post-

injection. Sequential PET scans are displayed as maximum intensity projections (Fig. 3A). 

ROI analysis of PET imaging was done to quantify the tracer uptake, represented as %ID/g, 

in the normal and ischemic legs (Figure 3B and C). At 3 h p.i., a relatively high level of the 

radiotracer in the blood and a background signal in the abdominal area was found for all 

postoperative days, attributed to the long circulation half-life of the radiolabeled antibody, in 

agreement with previous studies in which the accumulation in the tissue of interest peaked in 

between 24 and 48h p.i19,27.

Uptake of 64Cu-NOTA-YY146 in the injured hindlimb peaked at 48h p.i., with similar 

values of 14.1 ± 2.0 and 13.6 ± 0.9 %ID/g on days 3 and 10 after surgery, respectively (n=4; 

Figure 3B). A notably lower accumulation of the radiotracer, 6.0 ± 0.6 %ID/g at 24h p.i., 

was observed on postoperative day 17. The maximum 64Cu-NOTA-YY146 accretion in the 

non-ischemic contralateral hindlimb at 48 h p.i. was consistent throughout the study, 2.2 

± 0.2, 1.9 ± 0.3 and 2.2 ± 0.8 %ID/g on postoperative days 3, 10, and 17, respectively, which 

were significantly (p<0.0001 for days 3 and 10 and p=0.0012 for day 17) lower compared to 

the ischemic hindlimb uptake.

The administration of a blocking dose of the anti-CD146 monoclonal antibody YY146 24h 

prior to the injection of 64Cu-NOTA-YY146 resulted in a significantly (p<0.01) lower tracer 

uptake in the ischemic leg on day 10 after surgery, with values of 4.8 ± 0.9, 9.3 ± 0.7 and 9.7 

± 1.7 %ID/g at 4, 24 and 48 h p.i., respectively (n = 3; Figure 4B), thus evidencing the 

CD146 specificity of the tracer in vivo. However, at 48h (n = 3, Figure 4C), the uptake in the 

ischemic leg (9.7± 1.7 %ID/g) was still significantly higher (p=0.0014) than that of the non-

operated hindlimb (1.7 ± 0.1%ID/g), but still significantly lower (p<0.05) to what was 

observed in the group without blocking (4.2± 0.2, 11.2 ± 0.6 and 13.6 ± 0.9 %ID/g at 4, 24 

and 48 h p.i., respectively).

Following terminal in vivo PET scans at 48h p.i. on day 17, or day 10 for the blocking study, 

mice were euthanized, organs were removed, dried on filter paper, and placed in pre-

weighed plastic test tubes. The radioactivity was measured using an automatic gamma 

counter. Ex vivo biodistribution studies results correlated well with the obtained PET data 

and allowed a more thorough characterization of 64Cu-NOTA-YY146’s biodistribution as 

well as the effect of blocking in the tracer uptake (Figure 5A,B). The uptake in the ischemic 

and non-ischemic legs, with values of 3.5 ± 1.5 and 1.2 ± 0.4 %ID/g respectively, were in 

agreement with observed with PET imaging. This relatively lower and similar uptake pattern 

between normal and ischemic leg uptake found at ex vivo biodistribution results, at day 17, 
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is expected since at day 17 after surgery, the injury is repaired, blood flow was already 

largely restituted and, thus, CD146 expression returned to a normal level. Blood pool 

radiotracer uptake was found to be 13.1 ± 5.0 %ID/g. Except for liver, lung, kidney, and 

spleen, with moderate uptakes of 14.2 ± 10.2, 7.4 ± 3.5, 6.9 ± 1.5, 9.1 ± 1.0 %ID/g 

respectively, non-target tissues showed very low levels of radiotracer uptake. A similar 

pattern was observed in the mice from the blocking study, in which the uptake values of the 

ischemic (7.7 ± 3.0 %ID/g) and normal (1.1 ± 0.2 %ID/g) legs were in agreement with 

findings of PET.

Histology

Ex vivo immunofluorescence CD146 and CD31 staining of ischemic hindlimb muscle 

sections provided additional information regarding the spatial and temporal distribution of in 
situ CD146 expression following surgery, offering details regarding the vasculature. 

Representative CD31/CD146 co-staining images are shown in Figure 6. Expression of 

CD146, shown in the green fluorescence channel, was highest at postoperative day 3, closely 

followed by day 10. Muscle sections at postoperative day 17 exhibited a reduced 

fluorescence signal that was comparable to those observed in sections acquired right after 

surgery. Additionally to CD146, CD31 expression was examined for identification of 

vasculature. CD31 staining, shown in the red fluorescence channel, co-localized with CD146 

staining and presented similar pattern observed with CD146 and was highest at 

postoperative day 3. These results align well with the findings from in vivo and ex vivo 
studies.

DISCUSSION

PAD affects almost 12% of both female and male adult population, with critical limb 

ischemia (CLI) and claudication being the most common presentation. Approximately 30% 

of all patients with CLI will have had an amputation and only 45% will be alive with both 

legs intact within 1 year of the disease. Although the course of treatment varies significantly, 

some form of revascularization is often used as major therapy28. Augmentation of lower-

extremity blood flow through vasculogenesis, arteriogenesis or angiogenesis, could be an 

auspicious tool for improved therapy for patients with PAD. Promising benefits of these 

treatments include augmented wound healing, lower risk of limb amputation as well as 

enhanced claudication distance29. Several angiogenic therapies have been assessed; however, 

despite significant evidence of efficacy in preclinical studies, negative results have been 

found on larger randomized clinical trials. This could be somewhat related to limited 

knowledge regarding the dose, frequency and method of administration of angiogenic 

compounds in patients with PAD30.

In this context, a trustworthy, non-invasive imaging technique to monitor not only the 

molecular changes during ischemic diseases but also the changes during and after the course 

of therapeutic regimens, especially angiogenic-based therapies, would be extremely 

valuable. Molecular imaging methods, including PET, have compelling advantages over 

conventional vascular imaging techniques (contrast, MR and CT angiographies) and are 

greatly suited to the visualization and quantification of angiogenic processes for being 
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tomographic and very sensitive nature13,26 with superior spatial and temporal resolution and 

robust attenuation correction.

Nuclear medicine methods for imaging molecular markers of angiogenic process in ischemia 

models have been deeply explored 13,25,31–34. Among the most commonly employed 

radiotracer for imaging of angiogenesis are radiolabeled vascular endothelial growth factor 

(VEGF) protein and cyclic arginine-glycine-aspartic acid (RGD) peptides. Although those 

studies show a difference in the uptake between normal and ischemic hindlimb, the ischemic 

hindlimb muscle uptake typically ranged from around 2%ID/g, which reduces the detection 

sensitivity of these methods and thus the translational capability of these tracers into the 

clinical settings. In this study, we conducted non-invasive PET imaging studies of ischemic 

reperfusion in a hindlimb ischemia model using a monoclonal antibody targeting CD146, 

which showed an average ischemic hindlimb muscle uptake of approximately 15 %ID/g, a 

significant increase over previously reported studies. 64Cu-NOTA-YY146 uptake increased 

to a large extent in the ischemic hindlimb when compared to the non-operated leg and 

reached the highest level at day 3 post surgery, which correlated well with CD146 

expression levels as determined by histological analysis.

The specificity of our tracer was further verified via a blocking study, in which a significant 

reduction (p<0.01) in radiotracer uptake in the operated hindlimb was observed when 

CD146 receptors were saturated by an injection of a blocking dose (10 mg/kg) of the cold 

monoclonal antibody. 18F-FDG scans were performed to evaluate the presence of 

inflammatory processes in the operated leg, which could lead to an increased non-specific 
64Cu-NOTA-YY146 accretion. 18F-FDG uptake in the ischemic hindlimb, despite being 

significantly higher compared to the non-operated leg at postoperative das 3 and 10, was still 

considered to be very low and the inflammatory status of the operated leg would not 

significantly affect the overall biodistribution of 64Cu-NOTA-YY146.

Altogether, we have shown that the radiolabeled YY146 successfully fulfilled the purpose of 

this study. Worth mentioning, our group have previously imaged ischemic-induced 

angiogenesis using a different monoclonal antibody, anti-CD105, with similar results12. 

Interestingly, CD105 and CD146 take part in different paths of the angiogenic process: 

CD105 modifies the phosphorylation status of Smad proteins, ultimately regulating TGF-β 
receptor signaling35, while CD146 plays essential roles in initial and late stages of 

angiogenesis promotion and have shown to act as a receptor for netrin-1 in stimulating 

vascular development36, as a co-receptor for VEGFR-2 in angiogenesis37 as well as being 

involved in the p38/IKK/NF kappaB pathway38. Therefore, since CD146 angiogenic 

behavior is distinct from that of CD105, PET imaging with radiotracers that are distinct for 

different angiogenesis pathways, such those that allow monitoring of CD146 expression in 

PAD models, can provide useful complementary information to the existing tracers.

Even though the mouse hindlimb ischemia model provides a well-defined and previously-

characterized platform for PAD preclinical studies, in the present study, hindlimb ischemia 

was generated in healthy balb/c mice. Mouse strain as well as age, presence of 

atherosclerotic process and/or hypercholesterolemia have shown to affect collateral vessel 

development and consequently angiogenic markers expression levels 39,40. For that reason, 
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we believe that future studies in different animal models that better reflect the vascular status 

of PAD patients would be valuable. Moreover, the utilization of 64Cu-NOTA-YY146 to 

monitor drug-mediated angiogenesis as a method to detect changes during ischemic 

reperfusion is warranted in future studies.

CONCLUSION

The current study described in vivo imaging of angiogenic ischemic perfusion recovery 

through PET using a CD146 targeted monoclonal antibody in a hindlimb ischemia model in 

mice. 64Cu-NOTA-YY146 presented high in vivo CD146-affinity as demonstrated by 

persistent and CD146-specific uptake in the ischemic hindlimb, thus evidencing its potential 

to be used as a PET imaging agent. These findings were further validated through several in 
vitro, in vivo and ex vivo experiments. Our results warrant further exploration of 64Cu-

NOTA-YY146 not only as an imaging tracer in PAD-related research but also in other 

pathologies in which CD146 expression imaging and monitoring are desired.
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Figure 1. 
Representative images of the hindlimb ischemia model generation, showing the step-by-step 

process of the surgical procedure that includes the isolation of the femoral artery, its ligation 

at the proximal and distal sites followed by its complete excision. Laser Doppler images 

acquired before and after the induction of ischemia corroborates the reduced blood flow in 

the operated leg.
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Figure 2. 
A) Serial maximum intensity projection (MIP) PET images of mice injected with 18F-FDG 

on postoperative days 3, 10 and 17. Arrowhead points to the ischemic leg. Tracer uptake in 

the ischemic leg, despite being significantly higher in the ischemic leg, was still considered 

to be low. B) PET imaging-derived 18F-FDG uptake, reported as %ID/g ± SD, in different 

tissues on postoperative days 3, 10 and 17 (n=3). C) Comparative graph showing 18F-FDG 

uptake in the ischemic and non-operated legs on postoperative days 3, 10 and 17. D) Serial 

Laser Doppler imaging of non-ischemic (right side) and ischemic hindlimbs (left side) of 

balb/c mice undergone surgery. Dark blue areas, observed at day 3, indicate decreased 

perfusion in the injured limb, while high perfusion pattern (red color) is observed in the 

contralateral hindlimb. Some perfusion recovery was detectable by day 10 and blood flow 

was largely restituted in the operated hindlimb by day 17.
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Figure 3. 
Longitudinal PET imaging studies in ischemic mice injected intravenously with 5–10MBq 

(135–270 μCi) of 64Cu-NOTA-YY146 on postoperative days 3, 10 and 17. A) Serial 

maximum intensity projection (MIP) PET images at 4, 24 and 48h p.i. at the different 

postoperative timepoints. Arrow heads point to the ischemic leg. B) Tracer uptake, 

represented as mean %ID/g ± SD, in the ischemic leg at different time points on the different 

postoperative days. C) Comparative graph showing peak tracer uptake in the ischemic and 

non ischemic legs at 48h p.i. on postoperative days 3, 10 and 17.
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Figure 4. 
Results from the Blocking Study carried out on a postoperative day 10. Arrowhead points to 

the ischemic leg. A) Serial maximum intensity projection (MIP) PET images at 4, 24 and 

48h p.i on day 10 of mice with and without pre-injection of blocking dose. B) Tracer uptake, 

represented at %ID/g, in the ischemic leg at different time points on different postoperative 

days, including the blocking group on day 10. Error bars represent standard deviation. C) 
Comparative graph showing tracer uptake in the injured and non ischemic legs at 48h p.i. on 

postoperative day 10 with and without pre-injection of blocking dose.
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Figure 5. 
Ex vivo64 Cu-NOTA-YY146 biodistribution data obtained right after the last PET scan (48h 

p.i.) at A) postoperative day 17 and B) postoperative day 10. In blocking studies, mice were 

administered a blocking dose (10 mg/kg) of cold YY146 24 hours before the radiolabeled 

tracer was intravenously injected. Animals were sacrificed, and tissue samples were 

harvested, wet-weighed, gamma counted, and tracer uptake in the different tissues was 

calculated as %ID/g (mean ± SD).
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Figure 6. 
Immunofluorescence staining demonstrated increased CD146 expression in the ischemic 

muscle tissue on postoperative days 3 and 10, but marginal, background levels at day 17, 

indicating a return to a normal expression pattern. Green: CD146; red: CD31; blue: DAPI. 

Scale bar = 50μm. AUTHOR INFORMATION
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