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Click on protein, nucleotide 
(RefSeq), and gene for more 
information about integrin αvβ3.

Background
[PubMed]

Integrins are a family of heterodimeric glycoproteins on cell surfaces that mediate diverse biological events 
involving cell–cell and cell–matrix interactions (1). Integrins consist of an α and a β subunit and are important 
for cell adhesion and signal transduction. The αvβ3 integrin is the most prominent receptor affecting tumor 
growth, tumor invasiveness, metastasis, tumor-induced angiogenesis, inflammation, osteoporosis, and 
rheumatoid arthritis (2-7). Expression of αvβ3 integrin is strong on tumor cells and activated endothelial cells, 
whereas expression is weak on resting endothelial cells and most normal tissues. Antagonists of αvβ3 are being 
studied as antitumor and antiangiogenic agents, and the agonists of αvβ3 are being studied as angiogenic agents 
for coronary angiogenesis (6, 8, 9). A peptide sequence consisting of Arg-Gly-Asp (RGD) has been identified as a 
recognition motif used by extracellular matrix proteins (vitronectin, fibrinogen, laminin, and collagen) to bind 
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to a variety of integrins, including αvβ3. Various radiolabeled antagonists have been introduced for imaging of 
tumors and tumor angiogenesis (10).

Most of the cyclic RGD peptides are composed of five amino acids. Haubner et al. (11) reported that various 
cyclic RGD peptides exhibit selective inhibition of binding to αvβ3 (IC50, 7–40 nM) but not to αvβ5 (IC50, 600–
4,000 nM) or αIIbβ3 (IC50, 700–5,000 nM) integrins. Various radiolabeled cyclic RGD peptides have been found 
to have high accumulation in tumors in nude mice (12). Hydrazinonicotinic acid (HYNIC) is a coupling agent 
for 99mTc labeling of peptides that can achieve high specific activities without affecting receptor-binding ability 
of the amino acid sequence. 99mTc is bound to the hydrazine group, and other coordination sites could be 
occupied by one or more coligands. Liu et al. (13) reported the success of radiolabeling cylco(Arg-Gly-Asp-D-
Phe-Lys) (c(RGDfK)) tetramer linked by glutamic acid that was conjugated with HYNIC, which showed high 
tumor accumulation in nude mice bearing human tumor xenografts. Boturyn et al. (14) generated a versatile 
molecular “Regioselectively Addressable Functionalized Template” (RAFT) platform with a cyclic decapeptide 
[c(-Lys(Boc)-Lys(Alloc)-Lys(Boc)-Pro-Gly-Lys(Boc)-Lys(Alloc)-Lys(Boc)-Pro-Gly-)] with two attachment sides. 
The upper side is linked to four copies of the c(RGDfK) peptide for targeting of integrin αvβ3, and the bottom 
side is linked to 99mTc (15) or 111In (16) for single-photon emission computed tomography imaging or to other 
labels for other imaging modalities. 99mTc-RAFT-c(-RGDfK-)4 and 111In-RAFT-c(-RGDfK-)4 efficiently 
accumulated in tumors in mice. Jin et al. (17) conjugated RAFT-c(-RGDfK-)4 with a bifunctional chelator, 
1,4,8,11-tetraazacyclotetradecane (cyclam), for radiolabeling with 64Cu. 64Cu-Cyclam-RAFT-c(-RGDfK-)4 is an 
integrin-targeted molecular imaging agent developed for positron emission tomography (PET) imaging of 
tumor vasculature and tumor angiogenesis.

Related Resource Links:
• Chapters in MICAD (RGD, integrin)
• Gene information in NCBI (αv integrin, β3 integrin)
• Articles in Online Mendelian Inheritance in Man (OMIM) (αv integrin, β3 integrin)
• Clinical trials (RGD)

Synthesis
[PubMed]

Cyclam-RAFT-c(-RGDfK-)4 was prepared with solid-phase and solution-phase syntheses (17). Radiolabeling of 
cyclam-RAFT-c(-RGDfK-)4 was performed by heating 64CuCl2 (0.74 GBq/ml, 20 mCi/ml) and RAFT-c(-
RGDfK-)4 (1 mM) in a 1:1 (volume:volume) ratio for 60 min at 37°C. 64Cu-Cyclam-RAFT-c(-RGDfK-)4 had a 
radiochemical purity of >99% with a labeling efficiency of >99%. 64Cu-Cyclam-RAFT-c(-RGDfK-)4 exhibited a 
specific activity of ~0.74 MBq/nmol (0.02 mCi/nmol) 64Cu-Cyclam-RAFT-c(-RGDfK-)4 was 93% intact in 
mouse serum after incubation for 60 min at 37°C with little binding to serum proteins.

In Vitro Studies: Testing in Cells and Tissues
[PubMed]

Jin et al. (17) performed in vitro assays using the human embryonic kidney (HEK) cell line stably transfected 
with human integrin β1 or β3 and the human glioblastoma U87MG cell line expressing β3. Flow cytometry 
analysis showed that HEK(β3), U87MG, and HEK(β1) cells exhibited high, medium, and low levels of αvβ3, 
respectively. A cell-binding assay (n = 3) was performed using 5 nM 64Cu-cyclam-RAFT-c(-RGDfK-)4 for 1 h at 
4°C. The relative binding for HEK(β1), HEK(β3), and U87MG cells were 1.8%, 6.1%, and 1.0% incubation 
dose/100 ug protein, respectively. Another cell-binding study (n = 6) was performed using 10 nM 64Cu-cyclam-
RAFT-c(-RGDfK-)4 for 1 h at 37°C. The relative accumulation of radioactivity for HEK(β1), HEK(β3), and 
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U87MG cells were 0.3%, 15.7%, and 0.6% incubation dose/100 ug protein, respectively. Competitive inhibition 
assay was performed using HEK(β3) and 64Cu-cyclam-RAFT-c(-RGDfK-)4. Cyclam-RAFT-c(-RGDfK-)4 and 
c(RGDfV) showed a dose-dependent inhibition of 64Cu-cyclam-RAFT-c(-RGDfK-)4 binding to HEK(β3), with 
50% inhibition concentration values of 38.9 ± 1.4 and 2,642 ± 221 nM, respectively.

Animal Studies

Rodents
[PubMed]

Jin et al. (17) performed biodistribution studies of 64Cu-cyclam-RAFT-c(-RGDfK-)4 (1.0 nmol) in mice (n =5–
6/group) bearing HEK(β1), HEK(β3), or U87MG tumors at 3 h after injection. 64Cu-Cyclam-RAFT-c(-
RGDfK-)4 uptake was significantly higher in HEK(β3) (9.4 ± 1.2% injected dose/gram (ID/g)) than in U87MG 
(3.5 ± 0.5% ID/g) and HEK(β1) (1.2 ± 0.3% ID/g) at 3 h after injection (P < 0.05 between any two of the three 
tumor models). Prominent accumulation was observed in the kidney (20%–25% ID/g) and liver (3%–4% ID/g). 
The other examined normal tissues exhibited low or negligible radioactivity accumulation. The HEK(β3) tumor/
blood and tumor/muscle ratios were ~165 and ~19, respectively. Co-injection of excess cyclam-RAFT-c(-
RGDfK-)4 (150 nmol) in mice (n = 3) bearing HEK(β3) tumors showed >85% reduction of radioactivity in the 
tumors. Some inhibition was also observed in all normal tissues examined except the kidney. Autoradiography 
studies indicated that there is a linear correlation between the αvβ3 expression and the tumor radioactivity 
accumulation of 64Cu-cyclam-RAFT-c(-RGDfK-)4 (R = 0.967).

PET imaging scans were performed at 1, 3, 6, and 20 h after injection in tumor-bearing mice. HEK(β3) and 
U87MG tumors were clearly visualized at all the time points in comparison to HEK(β1) tumors (17). The highest 
tumor contrast was observed at 1 h after injection for the three tumors; this was followed by a gradual washout 
with time. The kidneys, urinary bladder, and liver showed high radioactivity at the early time points. No 
blocking studies were reported.

Other Non-Primate Mammals
[PubMed]

No publication is currently available.

Non-Human Primates
[PubMed]

No publication is currently available.

Human Studies
[PubMed]

No publication is currently available.
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