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Abstract Small peptide-based compounds have attracted an enormous interest as carrier molecules to selectively de-

liver radionuclides to target tissues, sparing critical normal organs. When looking for “matched pairs” of radionuclides, 

suitable for radiolabeling of peptides for diagnosis and therapy, technetium and rhenium represent an almost ideal 

constellation. The important role of technetium-99m and Re-186/188 is based on the decay characteristics, suitable for 

tumor diagnosis and therapy. Tc-99m and Re-188 are readily available by either a 99Mo/99mTc or the 188W/188Re radio-

nuclide generator system. Furthermore, technetium and rhenium are chemically related and share structural as well as 

reactive similarities, which prompt an attractive “matched-pair” situation. This article shows an overview of 99mTc- 

and 186/188Re-radiolabeled peptides that have been tested for their potential use as imaging and therapeutic agents in 

oncological diseases. 
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1 Introduction 

99mTc is the most commonly used radioisotope for 

diagnostic applications in nuclear medicine because of 

its ideal physical properties (γ-emission energy = 140 

keV, 89% abundance), optimal for diagnostic imaging, 

and its availability because of an inexpensive 
99Mo/99mTc generator.[1] At the same time, the 6 h 

half-life is ideal for most applications; this is especial-

ly valid for small peptides that clear rapidly from the 

blood pool and readily localize at the target tissue. The 

half-life is short enough to enable the administration of 

reasonably high doses without harming the patient, but 

still allowing good quality images. Rhenium-186 is a 

β-emitting radionuclide with good therapeutic decay 

characteristics. In addition to emitting moderate ener-

gy β－ particles at 1.07 and 0.933 MeV, it has a 

low-abundance γ emission at 137 keV (9%), which 

allows in vivo tracking of the radiolabeled biomole-

cules and dosimetry calculation. The 3.7-day half-life 

of 186Re allows sufficient time for the synthesis and 

shipment of potential radiopharmaceuticals. The 

drawback of 186Re for radioimmunotherapy or receptor 

mediated radiotherapy is the low specific activity re-

sulting from the production method utilizing the (n,γ) 

reaction in a nuclear reactor. Therefore, several groups 

have recently put efforts into the production of 186Re 

with high specific activity, for example, via a proton or 

neutron bombardment of enriched target materials.[2-5] 
188Re is an interesting radionuclide with favorable 

physical characteristics, which offers several ad-

vantages for potential therapeutic applications.[6] It is 

relatively cheap and can be obtained carrier free in a 

good yield from an in-house 188W/188Re generator. 

Moreover, its decay characteristics (high-energy βmax 

emission = 2.12 MeV; γ-emission of 155 keV, 15% 

abundance) and its relatively short half-life (17.0 h) 

allow high dose rates and repeated application, which 
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renders 188Re suitable for radiotherapy using peptides. 

The average penetration of the 186/188Re β－particles 

circumscribe a region of high energy deposition to the 

tumor area and induce minimal damage to adjacent 

healthy organs. 

2 Coordination chemistry of Tc and Re 
used for peptide labeling 

Technetium and rhenium are members of the 

same transition metal group (group 7). They both pos-

sess a rich coordination chemistry. The elements share 

similar physico-chemical and chemical properties as a 

consequence of the lanthanide contraction. Thus, metal 

chelators applicable for technetium are usually also 

suitable for rhenium and vice versa. However the reac-

tion conditions and particularly the radiolabeling con-

ditions are often quiet different. Reduction of 
99mTc-pertechnetate ([99mTcO4]

－) requires only a small 

amount of Sn2+.[7] To reduce the corresponding 

[186/188ReO4]
－, the Sn2+ concentration must be about 

2-3 orders of magnitude higher. This is a direct conse-

quence of the lower redox-potential of rhenium as 

compared to technetium. In addition, the pH of the 

reaction solution has to be rather acidic to avoid the 

fast back-oxidation or hydrolysis of the reduced rhe-

nium species and intermediates.[8] Reaction kinetics is 

also frequently reported to be slower in the case of 

rhenium. Consequently, labeling of biomolecules with 

rhenium generally implies the exposure of the biolog-

ical entity to rather harsh reaction conditions for a 

prolonged time. In this respect peptides are much more 

tolerable than large proteins, such as, antibodies. Yet, 

the optimization of the radiolabeling conditions as 

well as the stability of radioconjugates with rhenium 

(and technetium) remain important and challenging for 

(radio) chemists. 

Three approaches have been used for 
99mTc/186/188Re-labeling of peptides: (1) direct labeling; 

(2) the preformed chelate or prelabeling approach; and 

(3) the post-labeling approach. 

The direct approach uses a reducing agent to open 

a disulfide bridge of a peptide or protein, thus forming 

two thiolates that coordinate with the metal center. 

This method is easy to perform, but there is little 

knowledge about the geometry of the coordination 

sphere and the donor groups involved in the metal co-

ordination. Moreover, the control of the labeling site 

and the in vivo stability of the resulting complexes are 

often poor. Nevertheless, it has been used for some 

peptide radiopharmaceuticals.[9] 

The preformed chelate approach involves the 

synthesis of 99mTc/186/188Re complexes with a so called 

bifunctional chelating agent (BFCA). Purification of 

this complex is followed by activation of the function-

al group, used for coupling and conjugation to a pep-

tide. This approach results in conjugates of high spe-

cific activity. The drawback is that it is time consum-

ing, involves several synthetic steps, and does not al-

low the development of an instant kit formulation.[1, 10] 

Furthermore, the presence of over one reactive group 

in the biomolecule can result in different species of 

similar chromatographic behavior (complicating their 

separation and/or purification), but with variable bio-

logical and pharmacological characteristics. 

The post conjugation labeling approach is the 

most desirable approach because it allows kit formula-

tion. The difficulty is to develop bifunctional chelators, 

which complex Tc/Re efficiently and selectively to 

achieve uniform products of high specific activities. In 

addition the Tc/Re-labeled radioconjugate must be 

thermodynamically stable and kinetically inert to sur-

vive under physiological conditions. 

Several metal cores of technetium and rhenium 

are nowadays available for the radiolabeling of pep-

tides (Fig.1). The most common core is the metal-oxo 

core ([M+V = O]3+; M = 99mTc, 186/188Re), where the 

metal center is in the oxidation state +V. Alternatives 

to the M=O core are the metal-nitrido core 

([M+V≡N]2+), the HYNIC core (M=N=NR) and the 

organometallic tricarbonyl core ([M+I(CO)3]+) (Fig.1). 

All these systems require the introduction of BFCA to 

firmly attach the radiometal to a peptide, for example. 

The in vivo stability of the rhenium conjugates or the 

rhenium complexes respectively is crucial because of 

the particle emitting radiation. Loss of the particle 

emitting radionuclide in vivo could lead to uncontrol-

lable biodistribution and potentially to damage of 

healthy tissue. Therefore, much attention has been 

dedicated to develop chelating systems, which stabi-

lize the rhenium-cores in vivo and at the same time 

give rise to good pharmacokinetic properties of the 

radioconjugates and potential metabolites thereof. 
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Fig.1  (Top) General structure of Tc/Re-cores and fragments; (from left to right) Tc/Re(V)-oxo complexes with tetradentate N/N-, 
N/S- and S/P-chelators, HYNIC-system (Hydrazino nicotinitc acid) with coligands, Tc/Re(V)-nitrido complexes and organometallic 
Tc/Re(I)-tricarbonyl complexes with tridentate chelator. (Bottom) Selected examples of Tc/Re BFCAs conjugates used for labeling of 
biomolecules. 

A variety of BFCAs have been evaluated upon 

conjugation to peptides, to achieve this goal. They are 

of the type N3S triamidethiols,[11] N2S2 diamidedithiols, 

N4 tetraamines,[12] PnAO propylenediamine diox-

ime[13], and hydrazine nicotinic acid (HYNIC).[14, 15] 

Relevant chelator structures are shown in Fig.1. The 

development of hydrophilic chelating moieties to fa-

cilitate efficient clearance of the 99mTc/188Re activity 

from the blood pool through the kidneys and into the 

urine, with low retention of radioactivity in the liver 

and kidneys is an important endeavor in the develop-

ment of effective radiopharmaceuticals particularly for 

therapy. With this aim, Katti and coworkers developed 

BFCAs, based on the dithia-bis (hydroxymethyl) 

phosphine (Fig.1) or a diamino-bis (hydroxymethyl) 

phosphine framework that could be linked to peptides 

or other biomolecules to produce 99mTc-labeled conju-

gates.[16 - 18] For the same reason different hydrophilic 

coligands have been combined with the HYNIC-core 

and tested in vitro and in vivo.[15] 

A slightly different approach was more recently 

introduced by the Tisato/Duatti group and the 

Schubiger/Alberto/Schibli group. Both groups pro-

posed the use of stable, water-soluble and water stable 

Tc/Re-precursors with substitution labile coordination 

sites for the effective coupling of the metal center un-

der mild reaction conditions. Tisato and Duatti used a 

tetra/penta-coordinated nitrido core with two coordi-

nation sites, which could readily be exchanged by bi-

dentate chelating systems attached to the peptide. The 

group of Schubiger developed an organometallic 

Tc(+I)/Re(+1)-tricarbonyl precursor with three tightly 

coordinated, facially arranged CO ligands and three 

substitution labeling water molecules in transposition. 

The low-spin d6 configuration renders the metal center 

(and thus the complexes) very inert. [M(H2O)3(CO)3]+ 

is not prone to hydrolysis and is shelf-stable on the 

n.c.a. level for several hours. Kit formulations for the 

preparation of the precursor, [*M(H2O)3(CO)3]+ for 

both Tc-99m and Re-188 have been developed 

(Fig.2).[19 - 22] The kit-preparation of the rhenium hom-

olog [188Re(OH2)3(CO)3]+ needs a prereduction step or 

addition of a stronger or more stable reducing agent, 

such as, H3B·NH3 (eventually in combination with 

another polymer-bound reducing agent), whereas the 

Tc-99m analog can be synthesized in one step directly 

from [99mTcO4]
－.[23,24] 



No.2  E. GARCÍA-GARAYOA et al.: Peptides radiolabelled with Re-186/188 and Tc-99m as potential diagnostic and… 91 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2  Kit-formulation (one-step for 99mTc and two-step for 188Re) for the synthesis of the organometallic precursors 
[M(OH2)3(CO)3]+ (M=99mTc, 188Re). 

Alternative to the above mentioned “pen-

dent-approach”, where the artificial Tc/Re chelating 

moiety is attached to the C- or N-terminus of the pep-

tides, is the “integrated approach”. Here the metal co-

ordinates directly via donor atoms provided by the 

amino acid side chains of the peptide. Thereby the 

metal center forms the template (e.g., a square planar 

template), which significantly modulates the ternary 

structure of the peptide. An excellent example is the 
188Re-labeled α-melanocyte stimulation hormone de-

rivative (Fig.3). Here the rhenium-(V)-oxo core is co-

ordinated via three sulfur atoms of the three Cys, as 

well as an amid nitrogen of the amino acid back 

bone[25] (see chapter 4.3). 

3 Strategies for effective tumor targeting 
with peptides 

By definition peptides are small proteins, whose 

size varies from ~2-50 amino acids. Peptides offer 

several advantages over bigger proteins and antibodies 

(Table 1). They are readily synthesized, chemically 

modified, and radiolabeled. They lack immunogenicity 

and provide low toxicity. Natural peptides regulate a 

large variety of physiological functions in the human 

body, exerting their action through membrane-bound 

receptors which mostly belong to the superfamily of 

the G-protein coupled receptors. They show high af-

finity for their receptors, usually to more than one 

subtype. Naturally occurring peptides are necessary 

molecules in many fundamental biological processes. 

They can act as hormones, neurotransmitters, neuro-

modulators, and growth factors. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  Structure of 188Re(V)-(Arg11)CCMSH: Ac-Cys-Cys- 

Glu-His-DPhe-Arg-Trp-Cys-Arg-Pro-Val-NH2. 

 

 

Table 1  General characteristics of regulatory peptides as radiotracers 

Advantages Disadvantages 

+ Small molecules _ Rapid degradation 

+ Easy to synthesize, modify, and label _ Small changes may alter binding properties 

+ Low immunogenicity and low toxicity _ High kidney uptake 

+ Favorable pharmacokinetics permeability, rapid excretion  

+ High affinity for the receptors  

+ Modifiable rate and route of excretion  
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Their molecular characteristics (small size and 

usually hydrophilic) give rise to their good permeabil-

ity, rapid degradation, fast clearance from the blood 

pool and nontarget tissues, and efficient excretion (re-

nal and/or hepatobiliar). Moreover, it is also well 

documented that peptides play a role in pathological 

conditions. They may be involved in tumor growth and 

tumor progression, inflammation, platelet aggregation 

or apoptosis. Peptide receptors are overexpressed in a 

variety of human cancers (Table 2). Therefore, both 

peptide and peptide receptors represent important tools 

for in vivo tumor imaging and therapy with radio-

labeled peptides and their truncated analogs. Such 

peptide-based radioconjugates should fulfill the fol-

lowing conditions to become good candidates for tu-

mor targeting: (a) rapid and efficient labeling, (b) high 

specific activity, (c) sufficient in vivo stability, (d) un-

altered binding properties after labeling, and (e) fa-

vorable pharmacokinetics (high tumor uptake, rapid 

clearance from nontarget organs, and retention in the 

tumor tissue). The favorable pharmacokinetics of pep-

tides, together with their usually high affinity and 

specificity for their corresponding receptors, contrib-

ute to the accumulation of the radiolabeled peptide in 

receptor-positive tissues, allowing early imaging.[26] 

Peptides can be synthesized by solution-phase synthe-

sis and solid-phase peptide synthesis.[27, 28] Both 

methods allow the insertion of metal chelators and 

spacer groups for radiolabeling with radiometals for 

diagnosis and therapy.[1, 28] Site-specificity of modifi-

cation and radiolabeling is crucial for peptides, to pre-

vent loss of activity and binding affinity. 

Table 2  Peptide receptors overexpressed in tumors 

Receptor Tumor type 

Somatostatin Neuroendocrine, non-Hodgkin's lymphoma, melanoma, breast, pancreatic, gastric, colon, prostate, 

lung, SCLC, MTC 

VIP/PACAP SCLC, colon, gastric, breast, pancreatic, prostate, urinary bladder, lymphoma, meningioma 

Bombesin/GRP SCLC, glioblastoma, colorectal, gastric, prostate, breast, ovarian 

CCK-B/gastrin MTC, SCLC, pancreatic, astrocytoma, ovarian 

Neurotensin SCLC, colon, exocrine pancreatic, prostate 

α-MSH Melanoma 

Neuropeptide Y Neuroblastoma, glioblastoma, breast 

GnRH/LHRH Prostate, breast, endometrial, ovarian, melanoma 

Substance P SCLC, MTC, glioblastoma, astrocytoma, breast 

Opioid SCLC, neuroblastoma, breast  

Small peptides generally reveal a short biological 

half-life because of a rapid degradation by endogenous 

peptidases and proteases. Different strategies are 

commonly used to increase the stability of peptides, 

such as, end-capping, substitution of peptide bonds by 

other chemical bonds, use of D- or β-amino acids, or 

cyclization (Table 3). The structural modifications 

have to be carefully designed to avoid a loss of bind-

ing affinity. Another drawback of radiolabeled pep-

tides is the high uptake in the kidneys. This would be 

especially important in peptide receptor mediated 

therapy as potential radiotoxicity to renal tissue could 

compromise the therapeutic efficacy.[29] The introduc-

tion of hydrophilic and/or lipophilic amino acids can 

modify the rate and the route of excretion without al-

tering binding properties. 

Table 3  Frequent methods of stabilizing peptides 

Method Description 

End-capping N-methylation, amide at C-terminal position 

Group reduction Peptidomimetics 

Substitution of peptide bonds  

Replacement of amino acids Use of D-, β- or unnatural amino acids 

Cyclization  

Replacement of groups Amino moieties with imino groups 
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In this short review, the focus will be on the rep-

resentative peptides, which have been successfully 

radiolabeled with both Tc-99m and Re-186/188 till 

today. 

4 Tumor imaging and therapy with 
99mTc/186/188Re-radiolabeled peptides 

4.1 Somatostatin (SST) analogs 

Somatostatin and Vasoactive Intestinal Peptide 

(VIP) analogs have been successfully applied for scin-

tigraphic imaging of receptor overexpressing tumors 

and this has boosted the interest in the development of 

other peptide radiopharmaceuticals for potential pep-

tide receptor targeting in vivo.[30, 31] 111In-DTPA- Oc-

treotide (OctreoScan) was first introduced in the year 

1994. SST comprises of a family of two peptides, one 

cyclic of 14 and one of 28 amino acids. SST exerts 

many physiological functions both at the central nerv-

ous system and the gastrointestinal tract. Moreover, it 

also plays a role in cancer inhibiting tumor growth. 

The actions of SST are mediated by specific SST re-

ceptors. To date, five different subtypes have been 

identified (SST1-SST5). It is well known that many 

tumors, mainly of the neuroendocrine origin, overex-

press SST receptors and are therefore potential targets 

for radiolabeled SST analogs.[32] Both SST-14 and 

SST-28 show high affinity for their receptors. The 

rapid degradation in vivo leads to the development of 

a cyclic analog (Octreotide), which shows increased 

plasma stability, preserving the biological activity of 

the original peptide. However, the use of Octreoscan 

has some limitations, primarily because 111In is expen-

sive (cyclotron-produced radionuclide) and its physi-

cal characteristics are not optimal. To overcome these 

limitations, several SST analogs have been developed 

for labeling with 99mTc. Some examples are depreotide, 

HYNIC-octreotide, demotate or vapreotide. Depreo-

tide (P829) is a 10-amino acid peptide with affinity for 

SST2, SST3, and SST5.  

High in vivo uptake and retention in tumors, as 

well as, good imaging in mice bearing tumors was 

observed for 99mTc-Demotate.[12] The peptide P829 

functionalized with N3S and 99mTc-labeled allowed 

imaging of nonsmall cell lung cancer.[33] 99mTc-P829 

has been approved by the FDA and is commercially 

available as a kit (NeoTect) for the assessment of in-

determinate pulmonary nodules.[33,34] 99mTc-EDDA/ 

HYNIC-TOC was found to be similar to 
111In-Octreoscan with comparable pharmacokinetics 

and biodistribution in man. Tumor uptake was rapid 

and specific, and allowed good imaging in patients.[35] 

Moreover, kidney retention and gastrointestinal activ-

ity were low. 99mTc-tricine-HYNIC-TOC also showed 

a comparable tumor targeting pattern to 111In-DTPA 

octreotide with a high and rapid uptake in the tumor.[36] 

Excretion was mainly via the kidneys and it also 

showed favorable pharmacokinetics in humans. Vap-

reotide (99mTc-MAG3-RC-160), with high affinity for 

SST2 and SST5 and moderate affinity for SST3 and 

SST4 has been tested in mice, but the pharmacokinet-

ics did not seem to be so favorable.[9] 0Tyr3octreotate 

analogs were functionalized with various BFCA and 

radiolabeled with the organometallic precursor 

[M(H2O)3(CO)3]+. The BFCA gave rise to metal con-

jugate complexes of different overall charge (+ 1 to - 

3).[37, 38] Wester et al. have coupled picoline-amino 

acetic acid to a carbohydrated octreotide. The carbo-

hydrate rendered the conjugate to be much more hy-

drophilic, and an excellent biodistribution in humans 

was observed.[39, 40] Fewer studies, however, have been 

performed with 188Re-radiolabeled SST analogs. The 

labeling of P829 with Re-188 is shown in Fig.4.[41, 42] 

A kit-formulation has been presented containing 50 μg 

of this peptide, sodium ethylene-diaminetetraacetic 

acid dihydrate, sodium gluco-heptonate, and SnCl2. 

Reconstitution with about 1 mL 188ReO4
 　 eluant fol-

lowed by boiling for 15 min provides a labeling effi-

ciency of greater than 95%. Gentistic acid was intro-

duced as an antioxidant. 

Two other interesting 188Re-analogs, 188Re-RC- 

160 and 188Re-P2045 have been reported. 188Re-RC- 

160 reduced tumor burden after intratumoral or in-

trathoracic administration in three different animal 

models.[43] The analog 188Re-P2045 significantly sup-

pressed tumor growth, in a mouse model, of small cell 

lung cancer after i.v. injection.[44] 

4.2 Bombesin (BBS)/Gastrin-releasing peptide 

(GRP) analogs 

BBS is a 14-amino acid neuropeptide, first iso-

lated from frog skin. GRP is its mammalian counter-



94  NUCLEAR SCIENCE AND TECHNIQUES Vol.18 

 

part, a peptide of 27 amino acids, with which it shares 

the C-terminal sequence. BBS and GRP play an im-

portant role in tumor cell proliferation. Four different 

BBS/GRP receptor subtypes have been identified 

(GRP, NMB, BBS3, and bb4). BBS receptors are also 

overexpressed in a variety of human tumors and are 

then potential targets for imaging receptor-positive 

tumors. Several analogs radiolabeled with 99mTc have 

been developed. 99mTc-RP-527 shows specific binding 

and internalization in PC-3 cells.[45] In mice with tu-

mor xenografts the high accumulation in tumor has 

resulted in high tumor-to-muscle ratios and good im-

aging properties allowing tumor localization in pa-

tients. Nock et al., have reported preclinical results of 

several analogs (Demobesins), with high affinity to 

PC-3 cells in vitro as well as high and specific uptake 

in PC-3 tumor xenografts and pancreas in mice.[46, 47]  

The analogs based on the parent tetradecapeptide 

were excreted through the kidneys, whereas, those 

based on the truncated 7-14 sequence were mainly 

excreted through the hepatobiliar system. Smith et al. 

tested the influence of different spacers.[48] The best in 

vitro properties corresponded to the analogs with 

spacers of 3- to 8-carbon atoms. In mice, the analog 

with the 5-carbons spacer showed a high uptake and 

retention in pancreas, and excretion was both renal and 

hepatobiliar. 

Moustapha et al. presented an N3S-5-Ava- 

BBS(7-14)NH2 conjugate radiolabeled with 186/188Re, 

which retained high in vitro and in vivo specificity for 

GRP receptor-expressing cells (Fig.5).[49] This study 

showed that N3S-5-Ava-BBS(7-14)NH2 could be la-

beled with 186/188Re following the post-labeling ap-

proach. The stable 186/188ReVO-N3S-5-Ava-BBS(7– 

14)NH2 was formed following the reduction of per-

rhenate with stannous chloride at room temperature, as 

verified by HPLC and stability studies. The radio-

labeling yield was found to be > 90%. The biodistribu-

tion studies demonstrated that the carrier-added and 

no-carrier added 186/188Re conjugates behaved similarly, 

raising the question of whether n.c.a. 186/188Re is nec-

essary for specific tumor receptor targeting. 

 

 

 

 

 

 

Fig.4  Radiolabeling strategy used for peptide P829 with 188Re via Re(V)-gluconate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  (Top) Structure of 186/188ReVO-N3S-5-Ava-BBS(7–14)NH2; (Bottom) Structure of 188Re-P2S2-5-Ava-BBS(7-14). 

The same group also developed the bombesin an-

alog 188Re-P2S2-5-Ava-BBS(7-14) with chelating sys-

tems comprising of highly hydrophilic hydroxyl me-

thyl phosphine groups.[17] The analog was found to be 

stable both in vitro an in vivo. Preliminary in vivo 

tests in mice bearing PC-3 tumors demonstrated that 
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the conjugate retained high in vivo targeting specifici-

ty for GRP receptor-positive tissues with minimal de-

composition to 188ReO4
　. Another analog which in-

cludes a spacer in the molecule, 188Re-Dpr-SSS- 

BBS(7-14), showed high uptake and retention in mice 

with PC-3 tumor xenografts for time-point less or 

equal to 24 h.[48] However, no preclinical therapeutic 

studies have been reported yet. 

Bombesin was also derivatized at the C-terminus 

with bidentate chelators and reacted with 

[M(H2O)3(CO)3]+ (Fig.6).[50, 51] The labeled peptide 

fully retained the biological activity and was stable in 

vitro and in vivo. As the bidentate coordination was 

not optimal with respect to pharmacokinetics, the co-

ordination sphere of the metal tricarbonyl core had 

been saturated with a highly hydrophilic phosphine. 

This resulted in Tc-99m/Re-188 radioconjugates with 

significantly higher hydrophilicity and an improved 

biodistribution profile.[50] 

For [M(H2O)3(CO)3]+ labeled BBS analogs, this 

group found that there was an increase in tu-

mor-to-blood ratios after stabilization of the peptide 

sequence, although tumor uptake was not improved.[52] 

The additional insertion of a spacer, however, in-

creased both tumor and pancreatic uptake and tumor to 

nontumor ratios (Fig.7). 

At the moment BBS-analogs with both stabiliza-

tion and a hydrophilic spacer group seem to be very 

promising for tumor targeting of BBS/GRP recep-

tor-positive cancers. 

 

 

 

 

 

 

 

Fig.6  Structure of organometallic 188Re(CO)3-labeled BBS(7-14) with a (Ser)3-spacer, a bidentate chelate and a monodentate hy-
droxymethyl phosphine coligand. 

 

 

 

 

 

 

 

 

 

 

 

Fig.7  Biodistribution of BBS analogs in mice with PC-3 xenografts. (A) Tissue accumulation; (B) Tumor to nontumor ratios. 
BBS-II (unmodified sequence with: (N　-His)Ac-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2); BBS-XXX (stabilized: (N　-His)Ac-Gln- 
Trp-Ala-Val-Gly-His-CyHAla-Nle-NH2); BBS-42 (stabilized and with hydrophilic spacer: (N　-His)Ac-Lys (Shikimic-acid)-βAla- 
βAla-Gln-Trp-Ala-Val-Gly-His-CyHAla-Nle-NH2). (N　-His)Ac is a tridentate chelating system suitable for [M(H2O)3(CO)3]+. 

4.3 Alpha-melanocyte stimulating hormone 

(α-MSH) analogs 

α-MSH is a 13-amino acid peptide mainly re-

sponsible for the regulation of skin pigmentation. Re-

ceptors for α-MSH have been found in murine and 

human melanoma cells, as well as in most human 

melanoma samples from patients with metastatic le-

sions. The rapid in vivo degradation of α-MSH has led 

to the development of synthetic peptides with in-

creased stability, such as, the potent analog 

(Nle4-D-Phe7)α- MSH(NDP). For 99mTc-labeling, dif-

ferent chelating systems have been used, such as 

Ac-Cys-Gly-Cys-Gly (CGCG) or MAG2. In in vivo 

studies with mice, bearing melanoma xenografts, 
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99mTc-CGCG-α-MSH showed a higher tumor uptake 

than 99mTc-MAG2- α-MSH, but the retention in tumor 

cells was poor for both analogs.[53] Another approach 

has been the use of a cyclic analog (99mTc-CCMSH). A 

rapid uptake in tumors was found for this analog, in 

melanoma-bearing mice. Moreover, compared to line-

ar peptides, both tumor uptake and tumor activity re-

tention were higher.[54] α-MSH analogs have also been 

radiolabeled with 188Re and tested for their potential 

therapeutic use. A high accumulation in the tumor was 

found with analog 188Re-CCMSH, but kidney uptake 

was higher than that of the 99mTc-labeled analog. As 

nephrotoxicity may be a serious problem after peptide 

receptor radiotherapy, Lys11 was replaced by an Arg to 

reduce kidney uptake. Interestingly, this substitution 

contributed to not only a significant decrease in kidney 

uptake, but also improved tumor uptake, leading to 

much higher tumor to nontumor ratios in mice with 

murine melanoma tumors.[25] More recently a study 

demonstrated the therapeutic efficacy of 188Re-(Arg11) 

CCMSH both in murine and human melanoma-bearing 

mice.[55] 

Dadachova et al. reported experimental melano-

ma therapy with 188Re-labeled melanin-binding 

decapeptide (188Re-HYNIC-4B4) and a comprehensive 

safety evaluation of this treatment.[56] Radiolabeling of 

the peptides with 188Re resulted in 55% - 65% yields. 

Administration of 3.7 × 107Bq of 188Re-HYNIC-4B4 

(once 3.7 × 107Bq or twice 3.7 × 107Bq, 20 days apart) 

to MNT1 tumor-bearing mice significantly slowed 

tumor growth, with the therapeutic effect being a result 

of specific binding to tumor melanin, as irrelevant 
188Re-labeled decapeptide did not produce therapeutic 

gain. Repeated administration of 188Re-HYNIC-4B4 

had a more profound effect on tumor growth rather 

than a single dose. Treatment of tumors with 0.3-0.4 

cm diameter was more effective than that of larger 

ones (0.5-0.7 cm). The dose delivered to the MNT1 

tumor of 3.7 × 107Bq 188Re-HYNIC-4B4 was estimat-

ed to be 300 cGy. These results indicated that radio-

labeled melanin-binding peptides were efficient and 

safe in treatment of melanoma and could be potentially 

useful against this tumor type. 

4.4 Neurotensin (NT) analogs 

NT is a 13-amino acid peptide localized in the 

central nervous system and in the peripheral tissues 

(gastrointestinal tract) (Table 4). To date, three NT 

receptor subtypes have been characterized: NT1, NT2, 

and NT3. Overexpression of NT receptors has been 

described in different human tumors.[57] As NT is also 

rapidly degraded in vivo, this group has synthesized 

different stabilized analogs and tested them in vitro 

and in vivo after radiolabeling with 99mTc. Modifica-

tions at positions 8-9 and 11-12 have led to stable an-

alogs with preserved binding affinity (Table 4).  

In a clinical study with the analog 99mTc-NT-XI 

the tumor of a patient with ductal pancreatic adenocar-

cinoma could be detected. The main drawback of this 

analog was the high kidney uptake.[58] More recently, 

the analog 99mTc-/188Re-NT-XII showed better biodis-

tribution with lower kidney uptake and higher tumor 

uptake. Tumor activity retention was also longer.[59] 

Modifications at the three cleavage bonds conferred on 

the new analog (NT-XIX) an even higher stability. 

Although affinity to NT receptors was reduced, both in 

vivo tumor uptake and tumor activity retention re-

mained similar to that of NT-XII. In addition, both 

kidney and liver uptakes were much reduced resulting 

in better tumor-to-background ratios. SPECT/CT ex-

periments have been performed with 
99mTc(CO)3-labeled NT-XII and NT-XIX (Fig.8). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8  Coronal SPECT/CT pictures of 99mTc(CO)3-labeled 
NT-XII (A) and NT-XIX (B). 

Stabilized NT analogs (NT-XI, NT- XII, and 

NT-XIX) were radiolabeled with 188Re(CO)3. The in 

vitro binding properties were similar to those of their 
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corresponding 99mTc compounds. Moreover, the in 

vivo biodistributions in mice with HT-29 tumor xeno-

grafts were also comparable.[60] Similar to 99mTc-NT- 

XI, 188Re-NT-XI showed high kidney uptake, which 

would limit its potential utility as a radiotherapeutic 

agent. On the other hand, both 188Re-NT-XII and 
188Re-NT-XIX revealed more favorable biodistribution 

patterns. They inhibited the growth of HT-29 tumor 

xenografts in mice without significant side effects in 

the studies (Fig.9). Although the therapeutic effect of 
188Re-NT-XII was similar to that of 188Re-NT-XIX, the 

latter was the most promising as it showed the lowest 

uptake in kidney and liver. 

 
Table 4  Amino acid sequence of NT(8-13) and NT-analogs 

Analog Amino acid sequence Plasma half-life Affinity /nmol•L-1 

NT(8-13) pGlu1-Leu2-Tyr3-Gly4-Asn5-Lys6-Pro7-Arg8-Arg9-Pro10-Tyr11-Ile12-Leu13 － 1.6 

NT-II (NαHis)Ac-Arg-Arg-Pro-Tyr-Ile-Leu 5 min 0.3 

NT-X (NαHis)Ac-Arg-Arg-Pro-Tyr-Tle-Leu 4 h 0.2 

NT-XI (Nα-His)Ac-Lys-(ψCH2NH)-Arg-Pro-Tyr-Tle-Leu 21 d 2.0 

NT-XII (NαHis)Ac-Arg-(N-CH3)-Arg-Pro-Tyr-Tle-Leu 20 d 2.0 

NT-XIX (NαHis)Ac-Arg-(N-CH3)-Arg-Pro-Dmt-Tle-Leu(Dmt=dimethyl tyrosine) 28 d 15.0 

  

 

 

tridentate (NαHis)Ac= 

chelator suitable for the [M(CO)3]-core 

  

 

 

 

 

 

 

 

 

 

 

 

Fig.9  Therapeutic effect of 188Re-NT-XII/NT-XIX analogs 
injected i.v. at day 0 and 2 in mice with HT-29 xenografts. 

4.5 Miscellaneous peptides 

The amino acid sequence Arg-Gly-Asp (RGD) is 

considered to be the common epitope that many 

members of the integrin family of cell surface recep-

tors recognize on their ligands.[61] Integrins are the 

main receptors by which cells attach to extracellular 

matrices, and they also mediate important cell–cell 

adhesion processes including platelet aggregation and 

thrombus formation.[62] In addition, they appear to 

play a key role in tumor invasion, dissemination, and 

cell proliferation of various neoplasias including ma-

lignant melanoma, osteosarcoma, and glioblastoma. A 

number of technetium-99m-labeled RGD-containing 

molecules have been designed, synthesized, and eval-

uated for the detection and imaging of thrombi. Within 

this framework, the synthetic linear decapeptide 

Arg-Gly-Asp-Ser-Cys-Arg-Gly-Asp-Ser-Tyr (RGD-

SCRGDSY), which contains two RGD moieties in its 

sequence, was complexed with the 99mTc=O3+-core and 

applied successfully for the detection of experimen-

tally induced thrombi in rabbits. Furthermore, it was 

administered to patients with malignant melanoma, a 

disease of high metastatic potential with cells express-

ing RGD-binding integrins, and was found to bind 

specifically to adhesion molecules on tumors, thus 

permitting the in vivo detection of neoplastic metasta-

ses.[63] The 188Re-complex of the decapeptide was also 

prepared with the ultimate goal of preparing a radio-

therapeutic agent. The decapeptide 

Arg-Gly-Asp-Ser-Cys-Arg-Gly-Asp-Ser-Tyr, which 

contains two Arg-Gly-Asp (RGD) moieties in its se-
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quence, has been successfully labeled with Re-188 

yielding a single, stable oxorhenium(V) complex 

(Fig.10).[64] This complex is being evaluated for possi-

ble application in oncology as a target-specific radio-

therapeutic agent, because its radioactive techneti-

um-99m analog has already been applied to the scinti-

graphic detection of malignant melanoma in humans. 

 

 

 

 

 

 

Fig.10  Structure of the Tc/Re-labeled RGD peptide Arg-Gly- 
Asp-Ser-Cys-Arg-Gly-Asp-Ser-Tyr. 

The peptide AG 8.0 used in tumor pretargeting is 

an example of a peptide with a N3S chelator coupled 

with the N terminus.[65] MAG3 was conjugated to the 

peptide as shown in Fig.11. The peptide was reacted 

with 188Re-gluheptonate at 100 . Purification was ℃

necessary because the labeling efficiency was ≤ 70%. 

After purification, the immunoreactive fraction was 

found to be 91% at 5 min, but decreased to 18% 5 h 

later for unknown reasons. 

The 186/188Re-labeled peptide IMP-192 was also 

used for tumor pretargeting (Fig.12).[66] A labeling 

efficiency of > 95% with a specific activity greater 

than 18.5 TBq/mmol was reported using a lyophilized 

kit. 

 

 

 

 

 

 

 

 

 

Fig.11  Structure of the Tc/Re-labeled peptide AG 8.0 with 
N3S (MAG3) chelator. 

 

 

 

 

 

 

Fig.12 Strategy for the labeling of peptide IMP-192 with Re-188 via an S2N2-chelator. 

5 Conclusions 

99mTc-radiolabelled peptides are an important 

class of tumor targeting agents with potential applica-

tion in nuclear medicine. Clinical studies have already 

shown the potential utility of some of them as diag-

nostic agents. In the future they may be suitable not 

only for localization of the lesions, but also for as-

sessment of prognosis. Furthermore, recent in vitro 

studies have demonstrated that many human cancers 

can overexpress several peptide receptors concomi-

tantly.[67, 68] This coexpression of different peptide re-

ceptors in tumor cells can be useful for multi-receptor 

tumor targeting. The combination of several peptide 

analogs would improve the clinical therapeutic effica-

cy of radiolabeled peptides, especially in tumors with 

a nonhomogenous expression of receptors or in tumors 

which have lost some of the peptide receptors after 

dedifferentiation.[68] The possibility of labeling these 

peptides with the β　 -emitting radionuclides 186/188Re, 

for use as potential therapeutic agents may increase 

their significance for patient treatment in the future. In 

addition, the treatment of tumors with cocktails of 

peptides radiolabeled with different β-emitters (e.g., 
186Re/188Re and others) would lead to an optimal radi-

otherapy for tumors of various sizes. 
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