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Fluorophor-labeled spermidine derivatives as fluorescent markers
in optical tumor imaging
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Abstract—Up-regulation of polyamine transporters on the surface of tumor cells and the internalization of biogenic polyamines by
active transport processes may be exploited for the accumulation of spermidine derivatives as reporter molecules. We have synthe-
sized and tested fluorophor-labeled spermidine derivatives for the development of a new class of intraoperative tumor imaging
agents. In vitro uptake experiments and initial in vivo imaging studies illustrated that fluorophor tagged spermidine derivatives show
tumor accumulation.
� 2006 Elsevier Ltd. All rights reserved.
The discrimination between normal and malignant tis-
sues is a major challenge in tumor surgery and endo-
scopic tumor diagnosis. Targeted fluorescent dyes
resulting in tissue fluorescence differences or the applica-
tion of photosensitizers—used in photodynamic diagno-
sis (PDD)—are of substantial value for the endoscopic
or intraoperative delineation of primary tumors and
metastatic lesions, in particular for oncological applica-
tions.1–3 Most fluorescence markers for intraoperative
tumor imaging are based on receptor-targeted dye-
peptide or protein-dye conjugates.4–7 Fluorophor
conjugated specific antibodies are used as tumor
surface markers.8

A number of mammalian tumor cell lines have been
shown to contain a high level of an active polyamine up-
take system.9 In addition to biosynthesis cancer cells
internalize polyamines by receptor-mediated active
transport processes which can result in the accumulation
of micromolar polyamine quantities and intra-to-extra-
cellular ratios of the order of 1000.10,11 The polyamine
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transport system has a broad structural substrate toler-
ance.9 In particular, spermidine conjugates have been
found to be good substrates of polyamine transport-
ers.12,13 The affinity of polyamines and their analogs
to polyamine transporters increases with the number
of positive charges.12 Polyamines could therefore be
successfully used as carriers for the targeting of anticancer
drugs to tumors.14,15

We propose of coupling polyamines—such as spermi-
dine—to fluorescent dyes might provide a new class of
fluorescent markers in optical tumor imaging which uti-
lize the polyamine transport system in order to accumu-
late in tumors. We synthesized and characterized
spermidine-dye conjugates and evaluated their in vitro
and in vivo tumor uptake characteristics.

The chemical structures of compounds 1–4, spermidine,
and 2-(methylamino)benzoic acid (MANT) are outlined
in Scheme 1. Altogether, a series of three spermidine
conjugates has been synthesized that contain the follow-
ing fluorophores: 5(6)carboxyfluorescein (1), acridine
yellow G (3) or MANT (4), along with two spermi-
dine-free control dyes, compound 2 and MANT.
MANT allowed direct coupling of spermidine to yield
4, whereas the other compounds additionally consist
of a peptidyl (1) or an amino acid as linker moiety (3).
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Scheme 2. Reagents and conditions for the synthesis of 1: (a) 1% TFA

in CH2Cl2; (b) spermidine, HBTU/NMP; (c) 20% piperidine/NMP; (d)

5(6)carboxyfluorescein, HBTU/NMP; (e) 2 h, TFA/H2O/triisoprop-

ylsilane (95:2.5:2.5).

Figure 1. Excitation and fluorescence spectra of compounds 1, 3, and 4.

Scheme 1. Chemical structures of the dye conjugates 1, 3, and 4 as well

as the control dyes.
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Conjugates 1 and 3 as well as compound 2 were synthe-
sized automatically, according to the Merrifield strategy.
9-Fluorenylmethoxycarbonyl (Fmoc) amino acids were
coupled in a stepwise manner to the corresponding
resin.16 2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyl-
uronium hexafluorophosphate (HBTU) in N-methyl-
pyrrolidone (NMP) was used as coupling agent. Fmoc
groups were removed using 20% piperidine/NMP. The
compounds were cleaved from the resin with trifluoro-
acetic acid (TFA)/H2O/triisopropylsilane (95:2.5:2.5).
Reversed-phase HPLC purification of the crude
products yielded the pure conjugates 1–4 which were
characterized by analytical reversed-phase HPLC, 1H
NMR spectroscopy, and ion-spray mass spectrometry
to reveal identity and purity of the novel compounds.

The synthetic approach for conjugate 1 (N-5(6)-car-
boxy-fluorescein-aspartyl(spermidine)-glycylglycyl-am-
ide) is outlined in Scheme 2. Cleavage from the Rink
amide resin with subsequent purification yielded 1
(C36H41N7O10, [M+H]+ = 731.73).

Compounds 2 (aspartate(acridine yellow G) and 3
(aspartyl(acridine yellow G)spermidine) were assembled
on Fmoc-D (OAll)-Wang resin (OAll = a-allyl ester).
The synthesis started with Pd/C (palladium/carbon)-
mediated cleavage of the a-allyl ester protecting group.
The free side-chain carboxyl group was acylated with a
fivefold excess of acridine yellow G. To obtain 2, the
Fmoc group was cleaved with subsequent removal of
the compound from the resin. Purification yielded 2
(C19H20N4O3, [M+H]+ = 352.94). Compound 3 was
obtained by cleavage of Fmoc-D-acridine yellow G from
the resin. Then Fmoc-D-acridine yellow G was coupled
with a fourfold excess of spermidine. After cleavage of
Fmoc, precipitation with diethyl ether, and lyophiliza-
tion, the crude product was purified over preparative
HPLC, yielding 3 (C26H37N7O2, [M+H]+ = 480.83) after
lyophylization.

2-(Methylamino)benzoic acid (MANT) was prepared as
previously described by Di Carlo and Lindwall.17

Conjugate 4 was obtained by reacting equimolar quan-
tities of spermidine and 2-(methylamino)benzoic acid
in the presence of equimolar amounts of the coupling
reagent HATU (O-(7-azabenzo-triazol-1-yl)-N,N,N 0,N 0-
tetramethyluronium hexafluorophosphate), yielding
4 (C15H26N4O, [M+H]+ = 279.08). Excitation and
emission spectra of compounds 1, 3, and 4 are shown
in Figure 1.

The in vitro uptake characteristics of the fluorescent-
labeled spermidine derivatives 1–4 into two tumor cell
lines (B16 mouse melanoma and MH3924A rat hepato-
ma) could be directly followed by confocal laser scan-
ning microscopy (a tunable ZeissLSM 510 UV). In a
control experiment we co-cultured and co-incubated
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mouse fibroblasts 3T3YMT-MP expressing Phi-Yellow
(a yellow fluorescent protein) and B16 or MH3924A
cells in the presence of compound 4. The cells were im-
aged on the coverslips on which they were grown follow-
ing 1, 4, and 24 h incubations with 50 lM of one of the
compounds. Conjugate 1 was bound on the cell surface
and not internalized by both cell lines (Fig. 2). Unla-
beled tumor cells and tumor cells incubated with the
control dyes 2 (control for 3) or MANT (control for
4) showed no fluorescence. B16 and MH3924A cells
internalized conjugates 3 and 4 (Fig. 2) into granular
cytoplasmatic structures, probably endosomes and lyso-
somes. Tumor cells incubated with 3 or 4 in the presence
of benzyl viologen, a potent polyamine uptake inhibitor,
showed no fluorescence. The non-tumor cell line
(3T3YMT-MP) showed yellow fluorescence due to yel-
low fluorescent protein expression in their mitochondria
and slight blue fluorescence, whereas the tumor cells
showed intensive blue fluorescence (Fig. 2). Tumor cell
associated blue fluorescence was more intensive com-
pared to non-tumor cell associated blue fluorescence
suggesting that dye 4 is preferably internalized into tu-
mor cells. Quantitative uptake studies showed a 19% in-
crease in cell associated fluorescence for B16 melanoma
and 16% for MH3924A cells after a 24 h incubation with
4 versus unlabeled tumor cells.

The affinity of polyamines and their analogs to poly-
amine transporters increases with the number of positive
charges.12 As compound 1 shows three negatively and
two positively charged groups under physiological con-
ditions, it is bound to polyamine receptors without a
subsequent internalization. To achieve intracellular up-
take, the net charge of the conjugates must be positive
under physiological conditions, which can be realized
by the conjugation of neutral (MANT) or basic fluoro-
phores (acridine yellow G) to spermidine. This hypoth-
esis was supported by the internalization of 3
(five positive charges) and 4 (two positive net charges).

Cellular toxicities of the dyes 1, 3, and 4 were tested in a
colony forming assay with MH3924A and B16 cells.
Figure 2. Confocal laser scanning micrographs of cultured MH3924A

cells after 24-h incubation with 1 or 4, and B16 melanoma cells (blue

fluorescence) co-cultured with 3T3YMT-MP cells (yellow fluorescence

and slight blue fluorescence) after a 4-h incubation with 50 lM of 4.
Eight days after 4 h incubations with 1 or 4 at concen-
trations of 1–250 lM, colony forming unit ranged be-
tween 100% and 98% (percentage relative to untreated
controls). Colony formation was completely inhibited
following 4 h incubations with 25 lM of conjugate 3.

Conjugate 4 was selected for initial in vivo testing based
on favorable tumor cell uptake and in vitro cytotoxicity
characteristics. In vivo fluorescence imaging experiments
were performed on male nude mice Balc C nu/nu (ca. 20 g
of bodyweight) bearing subcutaneous MH3924A (rat
hepatoma) with a mean diameter of 3–8 mm. All animal
experiments were in compliance to the German Animal
Guidelines. The polyamine-dye conjugate 4 was injected
intravenously as a bolus at a dose of 500 lmol/kg body-
weight via a lateral tail vein. Directly prior to the imaging
experiments the mice were anesthetized by intraperitoneal
injection of ketamine/xylazine hydrochloride (1:1) at a
dose of 1 mL/kg bodyweight. Images were acquired
10 min, 1 and 4 h after the administration of 4 in a con-
stant experimental (exposure time = 60 s, bit range = 0–
6) setup using a dual-mode cooled Hamamatsu C4480
12-bit CCD (charge coupled device) camera (Hamamatsu
Photonics GmbH) in an open surgery with a large incision
in the chest or abdomen. Image acquisition and analysis
were performed using Argus 50 software (Hamamatsu
Photonics). A monochromatic, ultraviolet 15 Watt hand-
lamp was used as the excitation source. Long-wave pass
filters were used to cut off reflected excitation light, and
wavelengths between 430 < k < 450 nm (quantum
yield = 0.3) were detected. The working distance was in
the range of 5 cm. In control animals that received only
PBS buffer injections no contrast enhancement was ob-
served (Fig. 3). Ten minutes and one hour after the admin-
istration of contrast agent 4, fluorescence associated to
dye accumulation could be detected mainly in the bladder
and in the tumor (MH3924A), to a lesser extent in intes-
tine, liver, and kidneys, but not in the muscle, lungs or
other organs and tissues (Fig. 3). Absolute fluorescence
signal intensities of tumor and organs were determined
by setting regions of interests (= 11.6 mm2 = 14881 pix-
els) with Argus software which assures that each region
of interest contains the same number of pixels. Signal
intensities were expressed as total numbers of counts in
the region over 1 min. The bladder showed the highest
intensity with 183105 counts, followed by the tumor with
153718 counts, and intestine with 99157 counts. Even 4 h
after the application of 4, contrast enhancement with
115443 photon counts in the whole tumor was observed.
The tumor of control animals showed 2103 photon
counts. Fluorescence micrographs of excised tumor and
selected organs (liver, kidneys, lungs, and intestine) were
in accordance with the imaging experiments. Control
tissue sections of untreated animals lack auto fluorescence.

The major advantage of polyamine dye conjugates is their
potential to accumulate in a wide range of tumor types, as
a great number of tumor cell lines have elevated poly-
amine receptor levels,whereas only a single tumor type
can be detected by fluorescent markers based on antibod-
ies and receptor-targeted peptides and proteins.5,8,9 Addi-
tionally after application of 4 no protection from sunlight
is necessary, whereas skin retention of photosensitizers



Figure 3. In vivo optical CCD imaging of nude mice carrying

MH3924A 1 h after injection of compound 4 or PBS buffer (control).

All units are photon counts (Maximal signal per pixel = 80, minimal

signal per pixel = 0). Exposure time = 60 s.
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based on porphyrin necessitates protection of patients
from light for as long as 6–7 weeks.18 The new generation
photosensitizer 5-aminolevulinic acid shows selective up-
take in vascular and proliferative tissues.2 However, its
uptake rate is restricted by its hydrophilic nature.2 Fast,
facilitated tumor cell uptake despite the hydrophilic nat-
ure of conjugate 4 is an advantage compared to 5-amino-
levulinic acid. Due to substantial accumulation of 4 in
bladder and intestine, the major disadvantage of com-
pound 4, the detection of tumors located within these or-
gans would be difficult. In the detection of cancer in
bladder and intestine 5-aminolevulinic acid should be
more suitable.2 The data presented in this paper support
the further evaluation of conjugate 4 as an optical agent
for tumor identification.
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