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Abstract
The purpose of this study was to determine the melanoma targeting property of 99mTc-RAD-Lys-
(Arg11)CCMSH in B16/F1 melanoma-bearing C57 mice and compare with 99mTc-RGD-Lys-
(Arg11)CCMSH we previously reported. 99mTc-RAD-Lys-(Arg11)CCMSH exhibited rapid and
high tumor uptake (19.91 ± 4.02% ID/g at 2 h post-injection) in B16/F1 melanoma-bearing C57
mice. The tumor uptake of 99mTc-RAD-Lys-(Arg11)CCMSH was 1.51, 1.34 and 1.43 times the
tumor uptake of 99mTc-RGD-Lys-(Arg11)CCMSH at 0.5, 2 and 4 h post-injection, respectively.
Flank B16/F1 melanoma lesions were clearly imaged at 2 h post-injection using 99mTc-RAD-Lys-
(Arg11)CCMSH as an imaging probe. The substitution of Gly with Ala significantly enhanced the
melanoma uptake of 99mTc-RAD-Lys-(Arg11)CCMSH compared to 99mTc-RGD-Lys-
(Arg11)CCMSH in B16/F1 melanoma-bearing C57 mice, providing a new insight into the design
of α-MSH peptides for melanoma targeting.
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Melanoma is the most deadly skin cancer with an increasing incidence. 1 Over the past
decade, it has been of interest to develop receptor-targeting radiolabeled peptides for
melanoma imaging since early diagnosis and prompt surgical removal is a patient’s best
opportunity for a cure. Due to the over-expression on melanoma, both melanocotin-1 (MC1)
and αvβ3 integrin receptors have been used as targets for radiolabeled alpha-melanocyte
stimulating hormone (α-MSH)2-14 and Arg-Gly-Asp (RGD) peptides,15-22 respectively.
Recently, we have reported a novel RGD-conjugated α-MSH hybrid peptide targeting both
MC1 and αvβ3 integrin receptors for M21 human melanoma imaging.23 The cyclic RGD

© 2012 Elsevier Ltd. All rights reserved.
*Corresponding Author: Yubin Miao, 2502 Marble NE, MSC09 5360, College of Pharmacy, University of New Mexico,
Albuquerque, NM 87131. Phone: (505) 925-4437; Fax: (505) 272-6749; ymiao@salud.unm.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Bioorg Med Chem Lett. Author manuscript; available in PMC 2013 February 15.

Published in final edited form as:
Bioorg Med Chem Lett. 2012 February 15; 22(4): 1541–1545. doi:10.1016/j.bmcl.2012.01.003.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



{Arg-Gly-Asp-DTyr-Asp} motif was conjugated to [Cys3,4,10, D-Phe7, Arg11]α-MSH3-13}
peptide via a lysine linker to yield RGD-Lys-(Arg11)CCMSH hybrid peptide. Meanwhile,
we designed two control peptides namely RAD-Lys-(Arg11)CCMSH and RGD-Lys-
(Arg11)CCMSHscramble for comparison.23 It is known that the switch from the RGD to RAD
sacrifices the binding affinity of the RGD to the αvβ3 integrin receptor, whereas the motif of
His-DPhe-Arg-Trp is critical for strong MC1 receptor binding. The in vitro results revealed
that the switch from RGD to RAD in the hybrid peptide decreased the αvβ3 integrin receptor
binding affinity by 248-fold, whereas the scramble of CCMSH moiety in the hybrid peptide
sacrificed the MC1 receptor binding affinity by 100-fold.23 The biodistribution results
demonstrated that targeting both MC1 and αvβ3 integrin receptors significantly enhanced
the melanoma uptake of 99mTc-RGD-Lys-(Arg11)CCMSH in M21 human melanoma
xenografts in our previous report.23

While the switch from RGD to RAD in the hybrid peptide decreased the αvβ3 integrin
receptor binding affinity by 248-fold, surprisingly, we found that the switch from RGD to
RAD in the hybrid peptide dramatically increased the MC1 receptor binding affinity of
RAD-Lys-(Arg11)CCMSH compared to RGD-Lys-(Arg11)CCMSH (0.3 vs. 2.0 nM) in M21
melanoma cells in our previous report.23 Therefore, we were interested in investigating
whether such change in MC1 receptor binding affinity could lead to enhanced melanoma
uptake of 99mTc-RAD-Lys-(Arg11)CCMSH compared to 99mTc-RGD-Lys-
(Arg11)CCMSH. 99mTc-RGD-Lys-(Arg11)CCMSH targeted both MC1 and αvβ3 integrin
receptors, whereas 99mTc-RAD-Lys-(Arg11)CCMSH only targeted the MC1 receptors. We
chose B16/F1 melanoma cells for this study because only MC1 receptors (rather than αvβ3
integrin receptors) are over-expressed on B16/F1 cells.24 Thus, selection of B16/F1
melanoma cells could minimize the contribution of αvβ3 integrin receptors to the melanoma
uptake of dual receptor-targeting 99mTc-RGD-Lys-(Arg11)CCMSH.

In this study, RAD-Lys-(Arg11)CCMSH was synthesized, purified by RP-HPLC and
characterized by electrospray ionization mass spectrometry according to our published
procedure.23 Schematic structure of RAD-Lys-(Arg11)CCMSH is presented in Figure 1. The
structure of RGD-Lys-(Arg11)CCMSH was cited from our previous report23 for comparison.
The structural difference between RAD-Lys-(Arg11)CCMSH and RGD-Lys-
(Arg11)CCMSH was one more methyl group in Ala compared to Gly (Fig. 1). The
competitive binding curve of RAD- Lys-(Arg11)CCMSH in B16/F1 melanoma cells is
presented in Figure 2. The MC1 receptor binding affinity of RAD-Lys-(Arg11)CCMSH was
0.26 nM in B16/F1 cells. Despite such slightly difference in structure, RAD-Lys-
(Arg11)CCMSH displayed much stronger MC1 receptor binding affinity than RGD-Lys-
(Arg11)CCMSH in B16/F1 melanoma cells (0.26 vs. 2.1 nM24). It suggested that the methyl
group in Ala might somehow affect the MC1 receptor binding motif of His-DPhe-Arg-Trp.

Cellular internalization and efflux of 99mTc-RAD-Lys-(Arg11)CCMSH in B16/F1
melanoma cells are presented in Figure 3. 99mTc-RAD-Lys-(Arg11)CCMSH exhibited rapid
cellular internalization and extended cellular retention. There was 59.20 ± 5.10% of
the 99mTc-RAD-Lys-(Arg11)CCMSH activity internalized at 20 min post incubation. There
was 78.24 ± 1.13% of the 99mTc-RAD-Lys-(Arg11)CCMSH activity internalized after 2 h
incubation. The efflux results demonstrated that 79.44 ± 3.61% of the 99mTc-RGD-Lys-
(Arg11)CCMSH activity remained inside the cells 2 h after incubating cells in culture
medium. Although 99mTc-RAD-Lys-(Arg11)CCMSH displayed similar rapid internalization
and extended retention pattern as 99mTc- RGD-Lys-(Arg11)CCMSH,24 more 99mTc-RAD-
Lys-(Arg11)CCMSH activity was internalized and remained in B16/F1 melanoma cells in
this study.

Yang and Miao Page 2

Bioorg Med Chem Lett. Author manuscript; available in PMC 2013 February 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The melanoma targeting and pharmacokinetic properties of 99mTc-RAD-Lys-
(Arg11)CCMSH were determined in B16/F1 melanoma-bearing C57 mice and presented in
Table 1. 99mTc-RAD-Lys-(Arg11)CCMSH exhibited rapid and high tumor uptake in
melanoma-bearing mice. The tumor uptake was 16.65 ± 1.91, 19.91 ± 4.02 and 18.01 ±
3.51% ID/g at 0.5, 2 and 4 h post-injection. In peptide blocking study, the tumor uptake
of 99mTc-RAD-Lys-(Arg11)CCMSH with 10 μg (6.1 nmol) of non-radiolabeled NDP-MSH
co-injection was only 7.8% of the tumor uptake without NDP-MSH co-injection at 2 h post-
injection (p<0.01), demonstrating that the tumor uptake was specific and MC1 receptor-
mediated. Whole-body clearance of 99mTc-RGD-Lys-(Arg11)CCMSH was rapid, with
approximately 63% of the injected radioactivity cleared through the urinary system by 2 h
post-injection (Table 1). Normal organ uptake of 99mTc-RGD-Lys-(Arg11)CCMSH was
generally lower than 2.2% ID/g except for kidneys after 2 h post-injection. High tumor/
blood and tumor/muscle uptake ratios were demonstrated as early as 0.5 h post-injection
(Table 1). The renal uptake of 99mTc-RAD-Lys-(Arg11)CCMSH reached its peak value of
127.41 ± 17.32% ID/g at 0.5 h post-injection, and decreased to 33.19 ± 3.39% ID/g at 24 h
post-injection.

In our previous report,24 99mTc-RGD-Lys-(Arg11)CCMSH displayed B16/F1 melanoma
uptake of 11.06 ± 1.41, 14.83 ± 2.94 and 12.57 ± 2.53% ID/g at 0.5, 2 and 4 h post-
injection, respectively. In this study, the switch from RGD to RAD significantly (p<0.05)
improved the tumor uptake of 99mTc-RAD-Lys-(Arg11)CCMSH at 0.5, 2 and 4 h post-
injection. The tumor uptake of 99mTc-RAD-Lys-(Arg11)CCMSH was 1.51, 1.34 and 1.43
times the tumor uptake of 99mTc-RGD-Lys-(Arg11)CCMSH at 0.5, 2 and 4 h post-injection
(Fig. 4A), respectively. The improved melanoma uptake of 99mTc-RAD-Lys-
(Arg11)CCMSH was likely due to its stronger MC1 receptor binding affinity compared
to 99mTc-RGD-Lys-(Arg11)CCMSH (0.26 vs. 2.1 nM). Meanwhile, the replacement of the
RGD motif with RAD significantly (p<0.05) decreased the liver uptake of 99mTc-RAD-Lys-
(Arg11)CCMSH at 0.5, 4 and 24 h post-injection. The liver uptake of 99mTc-RAD-Lys-
(Arg11)CCMSH was 66.2, 61.9 and 72.3% of the liver uptake of 99mTc-RGD-Lys-
(Arg11)CCMSH at 0.5, 2 and 24 h post-injection (Fig. 4B), respectively.

Melanoma imaging property of 99mTc-RAD-Lys-(Arg11)CCMSH was examined in a B16/
F1 melanoma-bearing C57 mouse in this study. The whole-body SPECT/CT image is
presented in Figure 5. Flank melanoma tumors were visualized clearly by 99mTc-RAD-Lys-
(Arg11)CCMSH at 2 h post-injection. 99mTc-RAD-Lys-(Arg11)CCMSH exhibited high
tumor to normal organ uptake ratios except for kidney, which was consistent with the
biodistribution results (Table 1). The urine collected from the imaging mouse was analyzed
for the metabolites by HPLC. The urinary HPLC profile of 99mTc-RAD-Lys-
(Arg11)CCMSH is shown in Figure 6. Approximately 82% of 99mTc-RAD-Lys-
(Arg11)CCMSH remained intact, whereas 18% of 99mTc-RAD-Lys-(Arg11)CCMSH was
transformed to a more lipophilic metabolite at 2 h post-injection.

As shown in Figure 4C, 99mTc-RAD-Lys-(Arg11)CCMSH exhibited significantly higher
renal uptake than that of 99mTc-RGD-Lys-(Arg11)CCMSH at 0.5, 2 and 4 h post-injection.
The renal uptake of 99mTc-RAD-Lys-(Arg11)CCMSH was 1.84. 1.39 and 1.42 times the
renal uptake of 99mTc-RGD-Lys-(Arg11)CCMSH at 0.5, 2 and 4 h post-injection,
respectively. Co-injection of peptide blockade did not reduce the renal uptake, indicating
that the renal uptake of 99mTc-RAD-Lys-(Arg11)CCMSH was not MC1 receptor-mediated.
L-lysine co-injection significantly decreased the renal uptake of 99mTc-RAD-Lys-
(Arg11)CCMSH by 46%, demonstrating that L-lysine co-injection could be used to reduce
the renal uptake of 99mTc-RAD-Lys-(Arg11)CCMSH. Importantly, the success of L-lysine
co-injection suggested that the positive charge played a key role in the renal uptake
of 99mTc-RAD-Lys-(Arg11)CCMSH. It was worthwhile to note that the epsilon amino group

Yang and Miao Page 3

Bioorg Med Chem Lett. Author manuscript; available in PMC 2013 February 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of Lys linking the RAD motif and CCMSH contributed a positive charge to the overall
charge of 99mTc-RAD-Lys-(Arg11)CCMSH. Reduction of the overall positive charge of
radiolabeled α-MSH peptide via structural modification has been successfully utilized to
decrease the renal uptake by 50%.11 Accordingly, it would be likely to decrease the renal
uptake of 99mTc-RAD-Lys-(Arg11)CCMSH by substituting the Lys linker with neutral
amino acid or polyethylene glycol (PEG) linker in our future studies.

In conclusion, the substitution of Gly with Ala significantly enhanced the melanoma uptake
of 99mTc-RAD-Lys-(Arg11)CCMSH compared to 99mTc-RGD-Lys-(Arg11)CCMSH in B16/
F1 melanoma-bearing C57 mice. B16/F1 melanoma lesions were clearly visualized by
SPECT/CT imaging using 99mTc-RAD-Lys-(Arg11)CCMSH as an imaging probe,
highlighting its potential use as an imaging probe for melanoma detection.

The experimental details are presented in References and notes. 25-28
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IN). C57 mice were subcutaneously inoculated on the right flank with 1×106 B16/F1 cells. Tumor
weights reached approximately 0.2 g at 10 days post cell inoculation. Each melanoma-bearing
mouse was injected with 0.037 MBq of 99mTc-RAD-Lys-(Arg11)CCMSH via the tail vein.
Groups of 5 mice were sacrificed at 0.5, 2, 4 and 24 h post-injection, and tumors and organs of
interest were harvested, weighed and counted. Blood values were taken as 6.5% of the whole-body
weight. The specificity of tumor uptake was determined at 2 h post-injection by co-
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without peptide blockade or with/without L-lysine co-injection. Differences at the 95% confidence
level (p<0.05) were considered significant.

28. Melanoma imaging and urinary metabolites of 99mTc-RAD-Lys-(Arg11)CCMSH: Approximately
6.7 MBq of 99mTc-RAD-Lys-(Arg11)CCMSH was injected in a B16/F1 melanoma-bearing C57
mouse for imaging and urine analysis. The mouse was euthanized at 2 h post-injection for small
animal SPECT/CT (Nano-SPECT/CT®, Bioscan) imaging, as well as to collect urine for
analyzing the metabolites. The 9-min CT imaging was immediately followed by the whole-body
SPECT scan. The SPECT scans of 24 projections were acquired. Reconstructed SPECT and CT
data were visualized and co-registered using InVivoScope (Bioscan, Washington DC). The
collected urine sample was centrifuged at 16,000 g for 5 min before the HPLC analysis.
Thereafter, aliquots of the urine were injected into the HPLC. A 20-minute gradient of 16-26%
acetonitrile/20 mM HCl with a flow rate of 1 mL/min was used for urine analysis.
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Figure 1.
Schematic structures of RAD-Lys-(Arg11)CCMSH and RGD-Lys-(Arg11)CCMSH.
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Figure 2.
The competitive binding curve of RAD-Lys-(Arg11)CCMSH in B16/F1 melanoma cells.
The IC50 value of RAD-Lys-(Arg11)CCMSH was 0.26 nM.
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Figure 3.
Cellular internalization (A) and efflux (B) of 99mTc-RAD-Lys-(Arg11)CCMSH in B16/F1
melanoma cells. Total bound radioactivity (◆), internalized radioactivity (■) and cell
membrane radioactivity (▲) were presented as counts per minute (cpm).
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Figure 4.
Comparison in tumor, liver and kidney uptake between 99mTc-RAD-Lys-(Arg11)CCMSH
and 99mTc-RGD-Lys-(Arg11)CCMSH. The data of 99mTc-RGD-Lys-(Arg11)CCMSH was
cited from our previous report.24

Yang and Miao Page 10

Bioorg Med Chem Lett. Author manuscript; available in PMC 2013 February 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
Whole-body (A), coronal (B) and transversal (C) SPECT/CT images of 99mTc-RAD-Lys-
(Arg11)CCMSH in a B16/F1 melanoma-bearing C57 mouse at 2 h post-injection. Flank
melanoma lesions (T) were highlighted with arrows on the images.
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Figure 6.
Radioactive HPLC profile of urine sample of a B16/F1 melanoma-bearing C57 mouse at 2 h
post-injection of 99mTc-RAD-Lys-(Arg11)CCMSH. Arrow indicates the retention time (12.6
min) of the original compound of 99mTc-RAD-Lys-(Arg11)CCMSH prior to the tail vein
injection.
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