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Early detection of cutaneous melanoma is essential, as progno-
sis with metastatic melanoma is poor. Previous studies showed
that 64Cu-DOTA-ReCCMSH(Arg11) (DOTA is 1,4,7,10-tetraaza-
cyclododecane-N,N9,N99,N999-tetraacetic acid), a cyclic analog
of a-melanocyte-stimulating hormone (a-MSH), has the potential
for the detection of malignant melanoma using PET. However,
64Cu-DOTA-ReCCMSH(Arg11) demonstrated high background
in nontarget tissues due to the in vivo instability of the Cu-
DOTA moiety. CBTE2A (CBTE2A is 4,11-bis(carboxymethyl)-
1,4,8,11-tetraazabicyclo[6.6.2]hexadecane) has been shown to
be a more stable copper chelate with improved in vivo stability,
resulting in an improvement in clearance from nontarget tissues.
The goal of this study was to conjugate CBTE2A to the a-MSH
targeting ReCCMSH(Arg11) peptide for labeling to 64Cu and to
investigate whether the increased metal-chelate stability with
CBTE2A would improve imaging quality. Methods: The recycl-
ized peptide CBTE2A-ReCCMSH(Arg11) was synthesized using
a solid-phase peptide synthesizer followed by rhenium cycliza-
tion. In vivo characteristics of 64Cu-CBTE2A-ReCCMSH(Arg11)
were examined with small-animal PET and acute biodistribution
studies in B16/F1 tumor-bearing mice. Results: Biodistribution
studies showed high and rapid receptor-mediated tumor uptake
with values similar to those reported for 64Cu- and 86Y-labeled
DOTA-ReCCMSH(Arg11). Nontarget organ concentration for
64Cu-CBTE2A-ReCCMSH(Arg11) was considerably lower than
that of the 64Cu-DOTA analog, resulting in significantly higher
tumor-to-nontarget tissue ratios. Compared with 86Y-DOTA-
ReCCMSH(Arg11), 64Cu-CBTE2A-ReCCMSH(Arg11) demonstrated
increased tumor retention and kidney clearance. Small-animal PET
images showed that the tumor could be clearly visualized at all
time points (0.5–24 h). Conclusion: Our data suggest the superior
stability of the 64Cu-CBTE2A moiety compared with 64Cu-DOTA,
making 64Cu-CBTE2A-ReCCMSH(Arg11) an ideal candidate for
the PET of malignant melanoma.
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Epidemiologic surveys have demonstrated that the in-
cidence and mortality rates of cutaneous melanoma are
still increasing in the United States, as they are in most
countries (1). Among young adults, melanoma is currently
the most common malignancy (2), which increases with
age (3). In 2004 within the United States there were an
estimated 55,000 cases of melanoma, of which nearly 8,000
would prove to be fatal (4). Unless tumors are detected
early and adequate surgery can be performed, the prognosis
of this disease is poor (4).

18F-FDG nonspecifically localizes in melanoma by being
transported into cells that are metabolically active before
becoming trapped intercellularly. As cancerous cells typi-
cally have a higher metabolic rate than normal cells, they
exhibit increased accumulation of 18F-FDG (5). However,
18F-FDG PET is limited in detecting melanoma tumors with
small foci (6), and some melanoma cells are undetectable
with 18F-FDG because they use substrates other than glucose
as an energy source (7).

We previously reported the labeling of DOTA-
ReCCMSH(Arg11) (DOTA is 1,4,7,10-tetraazacyclododecane-
N,N9,N99,N999-tetraacetic acid) with b1-emitting radiometals
to determine whether it is a viable agent for the detection of
malignant melanoma via PET (8). We chose the divalent
metal ion 64Cu (half-life [t1/2] 5 12.7 h, 17.4% b1, 41%
electron capture, 40% b2) (9) and the trivalent metal ion
86Y (t1/2 5 14.7 h, 33% b1), both of which can be prepared
on a biomedical cyclotron using the 64Ni(p,n)64Cu and
86Sr(p,n)86Y reactions, respectively (10,11). Our results
showed that both 64Cu-DOTA-ReCCMSH(Arg11) and
86Y-DOTA-ReCCMSH(Arg11) have the potential for the
detection of malignant melanoma by exploiting the sensi-
tivity and high resolution of PET (8). 64Cu-DOTA-
ReCCMSH(Arg11) clearly delineated the tumor within
30 min after injection in the small-animal PET study. How-
ever, the acute biodistribution study and small-animal PET
showed that 64Cu-DOTA-ReCCMSH(Arg11) demonstrated
a higher accumulation of activity in nontarget tissues and
clearance organs. This is due to the release of uncoordinated
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64Cu from nonextracted complex by decomposition in the
blood or transchelation in the liver, causing elevated
uptake in these tissues (12,13). New cross-bridged cyclam
chelates have recently been developed for 64Cu (14) that
have shown significant metal-chelate stability and, as a
consequence, a lowering in nontarget tissue accumulation
(12,15). It was shown that 64Cu-CBTE2A-Tyr3-octreotate
(where CBTE2A 5 4,11-bis(carboxymethyl)-1,4,8,11-
tetraazabicyclo[6.6.2]hexadecane) has improved blood,
liver, and kidney clearance compared with the analo-
gous 64Cu-TETA (64Cu-1,4,8,11-tetraazacyclotetradecane-
N,N9,N99,N999-tetraacetic acid) agent (15). Therefore,
CBTE2A is an attractive bifunctional chelator for attaching
64Cu to peptides for tumor imaging and radiotherapy.

Herein we report the in vivo biodistribution and small-
animal PET studies and an in vitro binding affinity study of
64Cu-CBTE2A-ReCCMSH(Arg11) in the B16/F1 tumor
model. We also compare the biologic properties of 64Cu-
CBTE2A-ReCCMSH(Arg11) with 64Cu- and 86Y-DOTA-
ReCCMSH(Arg11) (Fig. 1).

MATERIALS AND METHODS

Unless otherwise stated, all chemicals were purchased from
Sigma-Aldrich Chemical Co. Water was distilled and then deion-
ized (18 MV/cm2) by passing through a Milli-Q water filtration
system (Millipore Corp.). CBTE2A was obtained from Dr. Gary
R. Weisman and Dr. Edward H. Wong (University of New
Hampshire, Durham, NH). 64Cu and 86Y were produced on a
CS-15 biomedical cyclotron at Washington University School of
Medicine (10,11). Radio-TLC (TLC is thin-layer chromatogra-

phy) detection was accomplished using a BIOSCAN AR2000
imaging scanner.

Bis-Trifluoroacetic Acid Salt of CBTE2A
The bis-trifluoroacetic acid salt of CBTE2A was synthesized

according to the published method (15).

Synthesis of CBTE2A-ReCCMSH (Arg11)
CBTE2A-CCMSH(Arg11) was synthesized using standard

Fmoc/HBTU (HBTU 5 O-benzotriazole-N,N,N9,N9-tetramethyl-
uranium-hexafluoro-phosphate) chemistry on an amide resin with
an Advanced ChemTech Omega 396 multiple peptide synthesizer
(Advanced ChemTech). The CBTE2A chelator was obtained from
the tert-Bu2protected precursor by treatment with 50% trifluoro-
acetic acid (TFA) in dichloromethane and then conjugated to the
N terminus of the CCMSH(Arg11) peptide while on the resin
(Rink Amide NovaGel; Novabiochem) according to previously
published procedures (15). Peptide cleavage and deprotection were
achieved by treating the peptidyl-resin for 3 h with a mixture of
TFA, thioanisole, phenol, water, ethanedithiol, and triisopropylsi-
lane (87.5:2.5:2.5:2.5:2.5:2.5). CBTE2A-CCMSH(Arg11) was cy-
clized via site-specific rhenium coordination. Twenty milligrams
of linear CBTE2A-CCMSH(Arg11) were dissolved in 800 mL
of N,N-dimethylformamide (DMF). An equal molar quantity of
trichlorooxobis-(triphenylphosphine)-rhenium(V) (Aldrich Chem-
ical) was dissolved in 1 mL of DMF and added to the CBTE2A-
CCMSH(Arg11) solution. DMF was added to the reaction solution
to yield a final peptide concentration of 4 mg/mL, and the solution
was shaken at 25�C for 3 h. CBTE2A-ReCCMSH (Arg11) was
purified on Beckman-Coulter System Gold high-performance
liquid chromatography (HPLC) using a Prep NovaPak, HR-C18

reverse-phase column (Waters) with a 40-min gradient of 20%–
40% 0.1% TFA/acetonitrile versus 0.1% TFA/H2O with a 10 mL/min

FIGURE 1. Structures of CBTE2A-
R e C C M S H ( A r g 1 1 ) a n d D O T A -
ReCCMSH(Arg11).

IMAGING WITH 64CU-CBTE2A-RECCMSH(ARG11) • Wei et al. 65



flow rate. The identity of the purified sample was verified using a
liquid chromatography–mass spectrometer, and the sample was
lyophilized.

Radiolabeling of CBTE2A-ReCCMSH(Arg11)
64Cu (18.5–148 MBq [0.5–4 mCi]) in 0.1 mol/L ammonium

acetate (pH 8.0) was added to 2 mg of CBTE2A-
ReCCMSH(Arg11) in 0.1 mol/L ammonium acetate (pH 8.0).
The reaction mixture was incubated at 95�C for 1 h. The reaction
was monitored by radio-TLC using Whatman MKC18F TLC plates
developed with 30:70 10% NH4OAc/ methanol (64Cu-CBTE2A-
ReCCMSH(Arg11) Rf 5 0.4). The 64Cu-labeled peptide was
further purified (if required) by reverse-phase HPLC (RP-HPLC)
using a Microsorb C18, 4.6 · 250 mm column (Varian Inc.) eluted
with a linear gradient of 15%–21% acetonitrile in 0.1% TFA
over 55 min at a flow rate of 1.0 mL/min. 64Cu-CBTE2A-
ReCCMSH(Arg11) (retention time [tR ] 5 42 min) was collected
in 1–2 mL of HPLC solvent. The solvent was then removed and
reconstituted in saline.

In Vitro Competitive Binding Assay
The 50% inhibitory concentration (IC50) for Cu-CBTE2A-

ReCCMSH(Arg11) was determined by using methods described
previously (16,17). B16/F1 cells (5 ·105 per well) were seeded
into sterile 24-well plates in RPMI 1640 medium containing
NaHCO3 (2 g/L), supplemented with 10% heat-inactivated fetal
calf serum, 2 mmol/L L-glutamine, and 48 mg gentamicin and
incubated at 37�C overnight. After being washed once with
binding medium (minimum essential medium with 25 mmol/L
N-(2-hydroxyethyl)piperazine-N9-(2-ethanesulfonic acid), pH 7.4,
0.2% bovine serum albumin [BSA], 0.3 mmol/L 1,10-phenathro-
line), the cells were incubated at room temperature (25�C) for 2 h
with approximately 50,000 cpm of 125I-Tyr2-NDP (NDP is
[Nle4,D-Phe7]) (Amersham Pharmacia Biotech) in the presence
of increasing concentrations of Cu-CBTE2A-ReCCMSH(Arg11)
in 0.3 mL of binding medium. Cells were rinsed with 0.5 mL of
ice-cold, pH 7.4, 0.2% BSA/0.01 mol/L phosphate-buffered saline
twice and lysed in 0.5 mL of 1N NaOH for 5 min. The activity in
cells was measured in a NaI well counter. The competitive binding
curve was obtained by plotting the percentage of 125I-Tyr2-NDP
bound to cells versus concentrations of displacing peptide. The
IC50 value for the peptide was calculated by using the Grafit
software (Erithacus Software Ltd.).

Biodistribution Studies
All animal experiments were conducted in compliance with the

Guidelines for the Care and Use of Research Animals established
by Washington University’s Animal Studies Committee. Biodis-
tribution studies were performed on 18- to 23-g female C57 BL/6
mice (Charles River Laboratories) that had been implanted with
1 · 106 cultured B16/F1 murine melanoma cells subcutaneously
into the nape of the neck. Tumors were allowed to grow for 10 d
(;0.3–0.7 cm3), at which time the animals received 0.20 MBq
(;5 mCi) of 64Cu-CBTE2A-ReCCMSH(Arg11) in 100 mL of
saline via lateral tail vein injection. Two groups were examined at
4 time points (n 5 5 per group at 30 min and at 2, 4, and 24 h),
with each group receiving different specific activities (SAs). The
first cohort received 16 ng (22.2 GBq/mmol) of peptide so that
a direct comparison could be made with 64Cu-DOTA-
ReCCMSH(Arg11) (8). A second cohort received 2 ng (185
GBq/mmol) of peptide to observe the optimal biodistribution at
the highest achievable SA. To examine in vivo uptake specificity, a

third group of mice (2-h time point only) was preinjected
with unlabeled peptide (20 mg [10.3 nmol] of CBTE2A-
ReCCMSH(Arg11)) to act as a receptor blockade immediately
before administering 64Cu-CBTE2A-ReCCMSH(Arg11) (16 ng).
This represents a 1,250-fold increase over the mass of peptide
injected with 64Cu-CBTE2A-ReCCMSH(Arg11). In an attempt to
reduce kidney uptake and retention, a fourth group of mice (2-h
time point only) was preinjected with 15 mg of D-lysine imme-
diately before administering 64Cu-CBTE2A-ReCCMSH(Arg11)
(16 ng). In all studies after euthanasia, tissues and organs of
interest were removed and weighed, and the radioactivity was mea-
sured in a g-counter. The percentage injected dose per gram (%ID/g)
was then calculated on comparison with known standards.

Small-Animal PET Studies
Whole-body small-animal PET was performed on a microPET

Focus scanner (Siemens Medical Solutions) (18). Imaging studies
were also performed on C57 BL/6 mice bearing day-10 B16/F1
murine melanoma tumors. The mice were injected via the tail vein
with 64Cu-CBTE2A-ReCCMSH(Arg11) (5.5 MBq, 500 ng). These
mice were imaged side by side with mice that had been treated
with 20 mg of unlabeled peptide (as a blockade) immediately
before injection of 64Cu-CBTE2A-ReCCMSH(Arg11). At 0.5, 2,
4, and 24 h after injection, the mice were anesthetized with 1%–
2% isoflurane, positioned supine, immobilized, and imaged. Tu-
mor, kidney, and liver standardized uptake values (SUVs) were
generated by measuring regions of interest that encompassed the
entire organ from the PET images.

Statistical Methods
All data are presented as mean 6 SD. For statistical classifi-

cation, a Student t test was performed using GraphPad PRISM.
Differences at the 95% confidence level (P , 0.05) were consid-
ered significant.

RESULTS

Synthesis of CBTE2A-ReCCMSH(Arg11)

Linear CCMSH(Arg11) peptide was prepared using stan-
dard solid-phase peptide synthesis techniques. The
CBTE2A chelator was appended to the N terminus of the
CCMSH(Arg11) peptide during the final step of peptide
synthesis. CBTE2A-CCMSH(Arg11) was cleaved from the
resin and deprotected. Crude CBTE2A-CCMSH(Arg11)
was cyclized through site coordination of rhenium via a
transchelation reaction. It was necessary to synthesize
CBTE2A-ReCCMSH(Arg11) in DMF at room temperature
as opposed to 60% MeOH at 70�C, which was used for
DOTA-ReCCMSH(Arg11). Differences in charge, hydro-
phobicity, and steric interactions between the chelator and
the peptide appeared to result in the necessity of different
solution conditions for the CBTE2A-CCMSH(Arg11) rhe-
nium cyclization reaction. CBTE2A-ReCCMSH(Arg11)
was purified by reverse-phase HPLC, lyophilized, and
stored at 220�C. The identify of the uncyclized and the
purified CBTE2A-ReCCMSH(Arg11) compound was veri-
fied by LC-mass spectroscopy (CBTE2A-CCMSH(Arg11)
m/z calculated for C78H120N25O16S3 5 1,758.85, found
m/2 5 880.86; CBTE2A-ReCCMSH m/z calculated for
C78H116N25O17ReS3 5 1,957.77, found m/2 5 979.86).
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Radiolabeling of CBTE2A-ReCCMSH(Arg11) with 64Cu

CBTE2A-ReCCMSH(Arg11) was successfully labeled
with 64Cu in ammonium acetate buffer (pH 8.0) at 95�C
for 1 h. Different amounts of 64Cu were added to achieve
different SAs. These conditions are different from those
required for the DOTA analog (0.1 mol/L NaOAc, pH 5.5,
at 65�C for 1 h) (8). The labeled peptide was separated
from unlabeled peptide by RP-HPLC as required. 64Cu-
CBTE2A-ReCCMSH (tR 5 42 min) was obtained with a
radiochemical purity of .98% and SAs ranging from 22.2
to 185 GBq/mmol. The unlabeled CBTE2A-ReCCMSH
was eluted under the same HPLC conditions with a tR of 36
min and unreacted 64Cu was eluted in the void volume.

In Vitro Competitive Binding Assay

The IC50 for nonradioactive Cu-CBTE2A-ReCCMSH(Arg11)
was determined by an in vitro competitive binding
assay and compared with that of nonradioactive Cu-
DOTA-ReCCMSH(Arg11). The IC50 for Cu-CBTE2A-
ReCCMSH(Arg11) was 5.4 6 0.59 nmol/L, whereas
Cu-DOTA-ReCCMSH(Arg11) yielded an IC50 of 6.9 nmol/L.
Substitution of the DOTA chelator by the CBTE2A chelator
did not appear to affect melanocortin-1 receptor (MC1R)
binding of the conjugated peptide.

Animal Biodistribution Studies

The in vivo biodistribution of 64Cu-CBTE2A-
ReCCMSH(Arg11) was examined in female C57 BL/6 mice
bearing day-10 B16/F1 murine melanoma tumors. Table
1 presents the biodistribution data at 30 min and at 2, 4, and
24 h after injection for 64Cu-CBTE2A-ReCCMSH (185 kBq
[5 mCi], 16 ng). An additional group was preinjected with
unlabeled peptide to act as a blockade (20 mg of CBTE2A-
ReCCMSH(Arg11), 10.3 nmol) and mice were sacrificed at
2 h after injection. The tumor accumulation of 64Cu-
CBTE2A-ReCCMSH reached a maximum after 30 min
(8.45 6 1.42 %ID/g) and the tumor retention was high,
with 7.09 6 3.20 and 7.37 6 1.26 %ID/g remaining at 2 and
4 h, respectively. After 24 h, the tumor concentration only

decreased by ;2-fold (24 h, 4.01 6 0.77 %ID/g; P ,

0.005). Preinjection with 20 mg of CBTE2A-ReCCMSH-
(Arg11) significantly reduced tumor uptake of the radiola-
beled peptide (0.99 6 0.15 %ID/g; P , 0.005) at 2 h after
injection, strongly supporting a receptor-mediated uptake of
the radiolabeled peptide. The other organs excised demon-
strated no major significant differences between the group
that received blockade and the group that did not. The subtle
increase in tracer uptake in nontarget organs can be attrib-
uted to slightly elevated levels of radioactivity in the blood.
The reason for higher levels of activity in the blood could be
attributed to lower levels of accumulation in the tumor.

Figure 2 illustrates a comparison of the biodistribution
properties between 64Cu-CBTE2A- and 64Cu-DOTA-
ReCCMSH(Arg11) (8) with a similar mass (16 ng) of
radiolabeled peptides at all time points. The biodistribution
data showed that the radioactive background in the blood
and blood-rich content organs, such as liver, lung, heart,
and spleen, for 64Cu-CBTE2A-ReCCMSH(Arg11) was sig-
nificantly lower than that for 64Cu-DOTA analog. For
example, the liver uptake was 3- to 5-fold lower for
64Cu-CBTE2A-ReCCMSH(Arg11) than that for 64Cu-
DOTA-ReCCMSH(Arg11) at all time points (e.g., at 2 h,
64Cu-CBTE2A-ReCCMSH(Arg11), 1.57 6 0.42 %ID/g, vs.
64Cu-DOTA-ReCCMSH(Arg11), 7.25 6 1.02 %ID/g, P ,

0.001; at 24 h, 64Cu-CBTE2A-ReCCMSH(Arg11), 1.00 6

0.09 %ID/g, vs. 64Cu-DOTA-ReCCMSH(Arg11), 4.85 6

1.52 %ID/g, P , 0.01). 64Cu-CBTE2A-ReCCMSH(Arg11)
also demonstrated significantly faster blood clearance com-
pared with 64Cu-DOTA-ReCCMSH(Arg11). This resulted
in 6- and 7.5-fold lower blood activity at 4 and 24 h, respec-
tively, for 64Cu-CBTE2A-ReCCMSH(Arg11) compared
with the DOTA analog (4 h, P , 0.0005; 24 h, P ,

0.005). The muscle uptake was also lower for 64Cu-
CBTE2A-ReCCMSH(Arg11) than that for 64Cu-DOTA
analog at 2-, 4-, and 24-h time points (i.e., at 4 h, 64Cu-
CBTE2A-ReCCMSH(Arg11), 0.07 6 0.04 %ID/g, vs.
64Cu-DOTA-ReCCMSH(Arg11), 0.32 6 0.04 %ID/g, 4.5

TABLE 1
Biodistribution of 64Cu-CBTE2A-ReCCMSH(Arg11) (16 ng) (%ID/g 6 SD, n 5 5) in C57BL/6 Mice Bearing Day-10

B16/F1 Melanoma Tumors at 30 Minutes and at 2, 4, and 24 Hours

Tissue 30 min 2 h 2 h with blockade* 4 h 24 h

Blood 2.95 6 1.11 0.19 6 0.04 0.47 6 0.15 0.11 6 0.03 0.06 6 0.03

Lung 3.29 6 1.16 0.53 6 0.06 0.91 6 0.16 0.33 6 0.07 0.14 6 0.03
Liver 2.37 6 0.28 1.57 6 0.42 1.74 6 0.52 1.77 6 0.12 1.00 6 0.09

Spleen 0.89 6 0.11 0.34 6 0.08 0.44 6 0.12 0.34 6 0.05 0.20 6 0.04

Kidney 12.71 6 1.50 8.57 6 2.51 11.05 6 3.26 6.92 6 1.05 3.62 6 0.27
Muscle 1.25 6 0.34 0.16 6 0.04 0.28 6 0.11 0.07 6 0.04 0.05 6 0.03

Heart 1.32 6 0.37 0.21 6 0.01 0.31 6 0.09 0.12 6 0.03 0.06 6 0.03

Skin 4.42 6 0.89 0.53 6 0.22 1.36 6 0.31 0.25 6 0.03 0.08 6 0.04

B16/F1 tumor 8.45 6 1.42 7.09 6 3.20 0.99 6 0.15 7.37 6 1.26 4.01 6 0.77

*An additional group was pretreated with blockade (20 mg CBTE2A-ReCCMSH(Arg11)).

IMAGING WITH 64CU-CBTE2A-RECCMSH(ARG11) • Wei et al. 67



times lower, P , 0.00001; at 24 h, 64Cu-CBTE2A-
ReCCMSH(Arg11), 0.05 6 0.03 %ID/g, vs. 64Cu-DOTA-
ReCCMSH(Arg11), 0.30 6 0.15 %ID/g, 6 times lower,
P , 0.05). The kidney uptake at 30 min was not signifi-
cantly different between 64Cu-CBTE2A-ReCCMSH(Arg11)
and 64Cu-DOTA-ReCCMSH(Arg11) (64Cu-CBTE2A-
ReCCMSH(Arg11), 12.71 6 1.50 %ID/g, vs. 64Cu-DOTA-
ReCCMSH(Arg11), 12.43 6 3.62 %ID/g, P 5 not significant
[NS]). However, the kidney clearance of 64Cu-CBTE2A-
ReCCMSH(Arg11) is a little faster than that of the 64Cu-
DOTA-ReCCMSH(Arg11), resulting in 1.4 times higher
kidney uptake of 64Cu-DOTA-ReCCMSH(Arg11) at 24 h
compared with 64Cu-CBTE2A-ReCCMSH(Arg11) (P ,

0.05). Tumor uptake of the 2 complexes is not statistically
different at any time point (e.g., at 4 h, 64Cu-CBTE2A-P,
7.37 6 1.26 %ID/g, vs. 64Cu-DOTA-P, 7.35 6 1.47 %ID/g,
P 5 NS).

Another study investigated whether the SA of the radio-
labeled peptide would affect the tumor accumulation and

the uptake in other organs. By adding different amounts of
64Cu, we were able to isolate 64Cu-CBTE2A-ReCCMSH-
(Arg11) with lower SA (22.2 GBq/mmol) and with higher
SA (185 GBq/mmol) and to compare their biodistribution
properties at 2 h after injection (Fig. 3). We found that in-
creasing SA significantly increased tumor concentration by
3.2-fold (from 7.09 6 3.20 %ID/g to 22.59 6 2.99 %ID/g;
P , 0.005). The uptake of nontarget organs, such as kidney,
liver, and blood uptake, was also increased (1.6- to 2-fold),
but not as significantly as the increase in tumor uptake
(kidney uptake, low SA: 8.57 6 2.51 %ID/g vs. high SA:
13.71 6 1.17 %ID/g, P , 0.05; liver uptake, low SA: 1.57 6

0.42 %ID/g vs. high SA: 2.49 6 0.29 %ID/g, P , 0.05;
blood uptake, low SA: 0.19 6 0.04 %ID/g vs. high SA:
0.48 6 0.22 %ID/g, P , 0.05). We also studied the effect
of lysine on kidney uptake (Fig. 3). We found that admin-
istration of 15 mg of D-lysine dramatically reduced the
kidney uptake by 2.4-fold (from 13.71 6 1.17 %ID/g to
5.85 6 1.14 %ID/g; P , 0.0001). However, surprisingly,

FIGURE 2. Comparison of biodistribu-
tion of 64Cu-DOTA-ReCCMSH(Arg11)
(185 kBq [5 mCi], 16 ng, n 5 4; h) (8)
and 64Cu-CBTE2A-ReCCMSH(Arg11)
(185 kBq [5 mCi], 16 ng, n 5 5; :) in
B16/F1 tumor-bearing C57 mice at 2 h
after injection. Data are presented as
%ID/g 6 SD. Note differences in y-axis
scales.
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the tumor uptake was also decreased by the same extent
(from 22.59 6 2.99 %ID/g to 8.39 6 1.37 %ID/g; P ,

0.005). No other organs demonstrated significant differ-
ences between the group that received lysine and the group
that did not.

Figure 4 shows the comparison of the biodistribution
data obtained from 64Cu-CBTE2A-, 64Cu-DOTA-, and 86Y-
DOTA-ReCCMSH(Arg11) (8) with selected tumor-to-non-
target organ ratios (2 h after injection). As discussed earlier,
the uptake of nontarget tissues is lower for 64Cu-CBTE2A-
ReCCMSH(Arg11) compared with that of 64Cu-DOTA-
ReCCMSH(Arg11), whereas the tumor uptake is close to
each other, so it is apparent that there is a significant
increase in the tumor-to-nontarget organ ratios for 64Cu-
CBTE2A-ReCCMSH(Arg11) when compared with 64Cu-
DOTA-ReCCMSH(Arg11). 64Cu-CBTE2A-ReCCMSH(Arg11)
with higher SA demonstrated higher tumor-to-nontarget tis-
sue ratios compared with the same compound at lower SA.

Although the tumor-to-nontarget organ ratios of 64Cu-
CBTE2A-ReCCMSH(Arg11) (16 ng) are lower compared
with 86Y-DOTA-ReCCMSH(Arg11) (1.7 ng) (8), expected
by the lower SA of the Cu-peptide in this comparison, its
tumor retention and kidney clearance are superior to those
of 86Y-DOTA-ReCCMSH(Arg11). At 24 h after injection,
the tumor concentration of 86Y-DOTA-ReCCMSH(Arg11)
is only 6.5% of the 30-min concentration (P , 0.0001). For
64Cu-CBTE2A-ReCCMSH(Arg11), the tumor uptake at 24 h
after injection is 48% of the 30-min uptake (P , 0.001).
Kidney uptake is higher for 86Y-DOTA-ReCCMSH(Arg11)
than that for 64Cu-CBTE2A-ReCCMSH(Arg11) at all time
points. 64Cu-CBTE2A-ReCCMSH(Arg11) demonstrates
more rapid kidney clearance compared with 86Y-DOTA-
ReCCMSH(Arg11). By 24 h, the 64Cu activity in kidney had
fallen to 28% of the 30-min activity for 64Cu-CBTE2A-
ReCCMSH(Arg11) (P , 0.001), whereas 86Y activity had
fallen to 55% of the 30-min activity for 86Y-DOTA peptide
analog (P , 0.005), resulting in 3.2-fold higher kidney
uptake at 24 h for 86Y-DOTA-ReCCMSH(Arg11) (P , 0.01).

microPET Images

Small-animal PET images of 64Cu-CBTE2A-
ReCCMSH(Arg11) were obtained with C57 mice bearing
day-10 B16/F1 murine melanoma tumors. Figure 5A shows
the coronal images of the mice at 30 min and at 2, 4, and
24 h after injection of 5.55 MBq (150 mCi) (500 ng) of
64Cu-CBTE2A-ReCCMSH(Arg11). Figure 5B shows the
microPET and CT coregistered images (coronal, sagittal,
and transaxial views) at 2 h after injection. The images
demonstrated that the tumors can be easily visualized after
only 30 min and can still be delineated at 24 h after injec-
tion. PET images also showed that administering a block-
ade dose (20 mg CBTE2A-ReCCMSH(Arg11)) saturated
the a-melanocyte-stimulating hormone (a-MSH) receptors,
resulting in dramatic reduction of tumor concentration by
such an extent that very little activity can be seen in
the tumor at all time points. This indicates the receptor-
mediated aspect of the tumor accumulation. It is also
evident from the images that low background accumulation
is observed except that the kidney uptake is high. SUVs of
tumor, kidney, and liver were calculated for both blocked
and nonblocked animals (Fig. 6). SUVs indicated that the
tumor uptake of the blocked mice is significantly lower
than that of nonblocked mice at all time points examined.
Statistically, there are no differences in the kidney and liver
uptakes between the blocked and nonblocked animals.

DISCUSSION

a-MSH peptide analogs have been suggested as agents
for targeting the MC1R expressed on metastatic melanoma.
MC1R belongs to a family of G-protein2coupled recep-
tors, of which 5 (MC1R to MC5R) have been isolated
in both mice and humans (19–24). These receptors are
normally expressed on the surface of melanocytes, and

FIGURE 3. Biodistribution comparison of 64Cu-CBTE2A-
ReCCMSH(Arg11) with high SA (2 ng) and low SA (16 ng) and
effect of preinjection of 15 mg D-lysine (2 h after injection).

FIGURE 4. Selected tumor-to-organ ratios for 64Cu-DOTA-
ReCMSH(Arg11) (8), 64Cu-CBTE2A-ReCCMSH(Arg11) with lower
and higher SA, and 86Y-DOTA-ReCCMSH(Arg11) (8) at 2 h in
C57 mice implanted with B16/F1 tumors. (P 5 Re-
CCMSH(Arg11).)
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MC1 was found to be overexpressed on 80% of melanoma
cells and tissues (25). a-MSH is a tridecapeptide that is
primarily responsible for the regulation of skin pigmenta-
tion by controlling melanin synthesis and dispersal of
melanocytes (26). It has been found to bind avidly to
MC1R, enabling the use of radiolabeled a-MSH peptide
analogs as melanoma-specific diagnostic and therapeutic
agents.

Linear a-MSH peptide analogs (DPMSH and NDPMSH)
were investigated as potential agents for specific melanoma
targeting. When labeled with either 99mTc or 188Re, these
linear peptides showed high uptake and prolonged retention
in murine melanoma-bearing mouse models (27). A new
family of a-MSH analogs was then developed that in-
corporated the rhenium and technetium directly into the
peptide’s structure to generate the cyclic a-MSH analog
99mTcO or ReO [Cys3,4,10,D-Phe7]-a-MSH3–13 [ReCCMSH]
(28–30). Substitution of Arg11 for Lys11 in ReCCMSH
peptide resulted in the analog ReCCMSH(Arg11), which
showed greater tumor uptake and lower kidney accumulation
compared with the ReCCMSH (16,17). Studies also included
conjugation of DOTA to the terminal amine for labeling
with 21- and 31-charged radiometals for both imaging and
therapy purposes (31). A series of linear peptide systems has
also been examined with 111In and 67Ga via DOTA chelation
and has shown good tumor accumulation in animal models
of melanoma (32–36).

In our previous study, we radiolabeled DOTA-
ReCCMSH(Arg11), one of the DOTA-ReCCMSH analogs,
with b1-emitting radionuclides 64Cu and 86Y to investigate
their potential as PET agents (8). Small-animal PET and
biodistribution studies indicated that both 64Cu- and 86Y-
labeled DOTA-ReCCMSH(Arg11) are promising candidates
for the detection of melanoma by taking advantage of the
sensitivity and high resolution of PET. However, 64Cu-
DOTA-ReCCMSH(Arg11) demonstrated high radioactive
accumulation in liver and other nontarget organs. Although
DOTA is an excellent chelator for many 21- and 31-
charged metals, 64Cu has been shown to dissociate in vivo
from DOTA and DOTA-conjugates and undergo metabo-
lism and transchelation to superoxide dismutase and
other proteins (12,15). The cross-bridged cyclam chelator
CBTE2A has demonstrated improved in vivo stability and,
consequently, a reduction in transchelation (12,13). The
goal of this project was to synthesize 64Cu-labeled
CBTE2A-conjugated ReCCMSH(Arg11) peptide and com-
pare its biologic properties with the 64Cu- and 86Y-DOTA-
ReCCMSH(Arg11) analogs.

Acute biodistribution and small-animal PET studies of
64Cu-CBTE2A-ReCCMSH(Arg11) showed high tumor up-
take and retention that was similar to the reported tumor
uptakes of 64Cu- and 86Y-DOTA-ReCCMSH(Arg11) (8). The
tumor uptake was dramatically reduced by the coinjection of
a blocking dose of CBTE2A-ReCCMSH(Arg11), saturating
the a-MSH receptor-binding sites. This strongly confirms
a receptor-mediated uptake process for 64Cu-CBTE2A-
ReCCMSH(Arg11). The comparison with 64Cu-DOTA-
ReCCMSH(Arg11) clearly indicates the superiority of
64Cu-CBTE2A-ReCCMSH(Arg11), and this comparison is
valid because the current study was designed so that the
identical mass of peptide (16 ng) was administered. Al-
though the tumor concentrations of the 2 compounds are
comparable, dramatic differences in the uptake and retention
in nontarget tissues were found. There was much lower

FIGURE 5. (A) Coronal images of C57 mice implanted with
B16/F1 tumors at 30 min and at 2, 4, and 24 h after tail vein
injection of 5.55 MBq (150 mCi) (500 ng) of 64Cu-CBTE2A-
ReCCMSH(Arg11). At each time point a mouse that received
blockade (left) was coimaged with a mouse that did not receive
blockade (right). Blockade mouse received 20 mg of CBTE2A-
ReCCMSH(Arg11). Images shown are 1-mm slices, with animal
in supine position, and slices shown are through center of tumor
volume. As tumors do not grow in exactly the same location
from animal to animal, slices may show different tissues in
addition to tumors. PET images show that administration of a
blockade dose substantially reduces tumor uptake of the agent
by such an extent that tumor is difficult to delineate. It is also
evident that background accumulation is very low, resulting in
excellent tumor contrast. T 5 tumor; K 5 kidney. (B) microPET/
CT coregistered images of B16/F1 tumor-bearing mice 2 h
after tail vein injection of 5.5 MBq (500 ng) of 64Cu-CBTE2A-
ReCCMSH(Arg11). Images shown are 1-mm slices and slices
shown are through center of tumor volume.
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accumulation of 64Cu-CBTE2A-ReCCMSH(Arg11) in non-
target tissues compared with 64Cu-DOTA-ReCCMSH(Arg11)
at later time points, indicating improved clearance. The low
uptake of 64Cu-CBTE2A-ReCCMSH(Arg11) in nontarget
tissues results in superior tumor-to-nontarget organ ratios
(Fig. 4) and, consequently, low absorbed radiation doses in
nontarget tissues. This reduction in background accumula-
tion is further proved by the high quality of the PET images
of 64Cu-CBTE2A-ReCCMSH(Arg11) (Figs. 5A and 5B),
where tumor is clearly delineated even after 30 min against
low background activity. Similar differences in nontarget
tissue biodistribution were found between 64Cu-CBTE2A-
Y3-TETA and 64Cu-TETA-Y3-TATE (12,15). The lower
background of 64Cu-CBTE2A peptides compared with
64Cu-DOTA or 64Cu-TETA analogs confirms that the Cu-
CBTE2A chelate is more stable than both the Cu-DOTA and
the Cu-TETA chelates and is less susceptible to trans-
chelation in vivo.

It has been reported that the renal retention of 64Cu- and
111In-labeled compounds was higher for positively charged
peptides and lower for neutral and negatively charged ones
(37–39). A recent study also discussed the structural
parameters that affect the tumor and kidney uptake of
DOTA-MSH analogs (36). It was found that the kidney
uptake of DOTA-MSH analogs could be considerably
reduced, without affecting the affinity for the receptor,
by neutralizing the charge of the Lys11 residue. The re-
sulting peptides exhibited a high ratio of tumor to kidney
uptake that was favorable for both diagnostic and thera-
peutic applications. According to the structure of the 64Cu-
labeled conjugated peptide, the predicted net charges
of 64Cu-CBTE2A-ReCCMSH(Arg11) and 64Cu-DOTA-
ReCCMSH(Arg11) are 11 and 21, respectively, suggesting
that 64Cu-CBTE2A-ReCCMSH(Arg11) should show higher
kidney retention. However, to our surprise, 64Cu-CBTE2A-
ReCCMSH(Arg11) showed faster kidney clearance com-
pared with 64Cu-DOTA-ReCCMSH(Arg11). Therefore, we
hypothesize that the peptide backbone of 64Cu-CBTE2A-
ReCCMSH(Arg11) may be deprotonated in vivo to change
the net charge of the entire complex to neutral or even
negative, resulting in lower renal retention.

The biodistribution of 64Cu-CBTE2A-ReCCMSH(Arg11)
was clearly affected by the mass of the injected peptide.
Increasing SAs from 22.2 to 185 GBq/mmol reduced the
mass of the peptide injected in the acute biodistribution
studies from 16 to 2 ng, resulting in a significant increase in
tumor concentration and more favorable tumor-to-nontarget
tissue ratios. An expected reduction in tumor uptake was
noted in the imaging studies where administration of 500 ng
of peptide, although still allowing for excellent tumor
delineation, resulted in a low SUV (SUV, 0.68 6 0.03; ;3
%ID/g). This is still a 3-fold higher value than that obtained
when a blocking dose (20 mg CBTE2A-ReCCMSH(Arg11))
was administered. The tumor uptake at 2 h after injection of
64Cu-CBTE2A-ReCCMSH(Arg11) (2 ng) was 22.59 6 2.99
%ID/g, which is the highest tumor concentration compared
with previously reported 64Cu-, 86Y-, and 111In-labeled
DOTA-ReCCMSH(Arg11) (8,31).

The nonspecific radioactivity accumulation in the kid-
neys often hinders the in vivo application of radiolabeled
peptides and antibody fragments. Studies have shown that
lysine administration can result in a significant reduction
of 111In-DTPA-octreotide (DTPA is diethylenetriaminepen-
taacetic acid) in the kidneys without affecting uptake in
receptor-positive tissues (40). Lysine coinjection was
shown to decrease the kidney uptake without significantly
interfering with the high melanoma-targeting properties of
99mTc-CCMSH (29). Our results indicated that administra-
tion of D-lysine dramatically reduced the kidney uptake
while the radioactivity accumulation in other organs dem-
onstrated no significant change. However, the tumor con-
centration was also decreased by the same extent as the
reduction of the kidney uptake. This may be related to the
lysine administration methods and doses. In the current
study, lysine was injected before the injection of 64Cu-
CBTE2A-ReCCMSH(Arg11), whereas in the reported stud-
ies, lysine was coinjected with the radiopharmaceuticals.

CONCLUSION

64Cu-CBTE2A-ReCCMSH(Arg11) was evaluated as an
agent for the PET of malignant melanoma. These data

FIGURE 6. SUV data obtained for PET analysis of 64Cu-CBTE2A-ReCCMSH(Arg11) (500 ng) in C57 mice implanted with B16/F1
tumors. Shown are SUVs of uptakes in tumor (A), liver (B), and kidney (C). SUVs for tumor (A) are low due to mass of peptide
administered compared with that in biodistribution study (16 ng).
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suggest the superior Cu-chelating property of CBTE2A
compared with DOTA, resulting in much improved liver
and blood clearance as well as higher tumor-to-nontarget
tissue ratios for 64Cu-CBTE2A-ReCCMSH(Arg11). A com-
parison with 86Y-DOTA-ReCCMSH(Arg11) clearly indi-
cated the prolonged tumor retention and more rapid renal
clearance of 64Cu-CBTE2A-ReCCMSH(Arg11). Therefore,
64Cu-CBTE2A-ReCCMSH(Arg11) is a promising melanoma-
targeting agent for clinical application as a diagnostic PET
agent for malignant melanoma.
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