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Combination therapy has improved the quality of life for patients
with squamous cell carcinomas of the head and neck (HNSCCs)
but has not decisively changed prognosis. Targeted therapies,
which enhance accumulation of the drug in the tumor, may be re-
alized using tumor-specific binding peptides. This paper iden-
tifies and characterizes an HNSCC affine peptide. Methods:
From a phage library comprising 109 different displayed pep-
tides, 1 peptide was enriched after 5 in vitro selection rounds
on HNO223 tumor cells. Subsequently, the gained peptide se-
quence H2N-SPRGDLAVLGHKY-CONH2 (HBP-1) was synthe-
sized as an amide and labeled with 125I. In vitro studies for
binding kinetics and competition were performed with 5 different
HNSCC cell lines. Furthermore, the stability of the peptide was
evaluated in human serum. The in vivo biodistribution of 131I-
labeled peptide was determined in HNSCC tumor–bearing nude
mice. The results were further validated in human HNSCC tumor
tissue sections using fluorescence-labeled HBP-1. Competition
experiments were performed to determine the binding sequence
and validate the target. Results: The HBP-1 motif was enriched
in 62% of all phages sequenced. Labeled 125I-HBP-1 showed
binding to 5 different HNSCC cell lines and a maximum binding
to HNO97 cells, with 11% of the applied dose per 106 cells and
an inhibitory concentration of 50% of 38.9 nM. Stability experi-
ments in human serum showed a half-life of 55 min. In 2 different
HNSCC tumor xenografts, 131I-HBP-1 accumulated rapidly, with
stable uptake until 45 min after intravenous application. Peptide
immunohistochemistry of HNSCC tissue sections exhibited tu-
mor staining by HBP-1, whereas normal tissue remained nega-
tive. Sequence mutation and competition experiments revealed
that the intrinsic RGD motif in combination with the intrinsic
LXXL motif is responsible for the binding ability of HBP1. The
RGDLXXL sequence within this peptide is known and indicates
that binding occurs via the avb6 rather than the avb3 integrin.
Conclusion: Within the sequence of HBP-1 is a RGDLXXL motif,
and most likely it is targeting the avb6 receptor of the integrin
family of cell adhesion receptors. HBP-1 represents a promising
lead structure for the development of targeted therapies or diag-
nostic procedures in patients with HNSCC.
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More than 5% of all malignant tumors worldwide are
head and neck cancer, with more than 100,000 cases
diagnosed in Europe each year. In the Western world,
squamous cell carcinoma of the head and neck (HNSCC)
accounts for more than 90% of all head and neck cancers (1).
Most cases are diagnosed in patients who are between 50
and 70 y old, with a 5 times higher rate for men than for
women. The 5-y survival rate of less than 30% is due to a high
lymphogenic metastatic tendency, a high recurrence rate, and
an increased occurrence of secondary tumors. Treatment
strategies for advanced HNSCC have evolved from less
effective monotherapy to an integrated, more effective multi-
disciplinary approach. A new field under investigation in
advanced tumors is targeted therapy. Several potential targets
have been discovered in a variety of tumors (2). Tumor-
specific receptors can be targeted by antibodies, peptides, and
tyrosine kinase inhibitors (cetuximab and gefitinib (3), and
cilengitide (4)). In the case of HNSCC, the first promising
results with the targeted approach were reported for the
angiogenic peptide RGD cilengitide. It specifically targets
the avb3 integrin receptor, which is present in the highly
vascularized head and neck tumors (4).

The potential of screening phage display libraries lies in
providing antigen/receptor binding molecules that are se-
lected from an enormous array of potential ligands. Thus,
the identification of novel targets is enabled, and novel
molecules can be provided that specifically bind to a given
or any unknown target. Phage display has been applied for
a variety of purposes, including the mapping of epitopes,
the identification of new receptors, the isolation of specific
antigens, the production of novel enzyme inhibitors (5), and
the identification of high-affinity antibodies and peptides
(6). For tumor targeting, peptides have been shown to be
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useful either as carriers of chemotherapeutic drugs and
toxic molecules or as radioactive tracers for noninvasive
diagnosis and therapy. Thus, radiolabeled peptides have
been used in the past for the noninvasive assessment of
receptor density or angiogenesis in tumors.

In this study, we characterize H2N-SPRGDLAVLGHKY-
CONH2 (HBP-1), a new linear peptide, which was selected
via phage display screening against an HNSCC cell line.
Affinity of HBP-1 to different HNSCC cell lines and its
kinetics and internalization were determined in cell-binding
assays. Binding to the original tumor was confirmed by
peptide staining of tumor slices and uptake into HNSCC
tumor–bearing mice. HBP-1 contains the well-known RGD
motif in combination with an LXXL motif. The presence of
those 2 motifs led to the analysis of their contribution to
HBP-1 uptake. In this regard, a preference of HBP-1 to
avb6 over avb3 was found. The data are evidence for a
possible use of HBP-1 as a new lead structure for HNSCC
targeting.

MATERIALS AND METHODS

Cell Lines
The HNSCC cell lines HNO97, HNO210, HNO223, HNO237,

and HNO222 (7) and the human breast cancer cell line MCF-7
(American Type Culture Collection) were cultivated in Dulbecco’s
modified Eagle medium with GlutaMAX and high-glucose–
containing 10% fetal calf serum (Gibco, Invitrogen Life Technol-
ogies) and 25 mM N-2-hydroxyethylpiperazine-N-2-ethanesulfonic
acid. The spontaneously immortalized epithelial human mammary
breast cell line MCF-10A (American Type Culture Collection)
was cultivated in MEGM BulletKit Clonetics Media System
(Cambrex Bio Science Walkersville). The human gingival mucosa
keratinocyte cell line HPV-16GM immortalized with gene E6
and E7 of HPV16 was cultivated with serum-free keratinocyte
growth medium completed with supplement mix c-39016 (Pro-
moCell GmbH). Human umbilical vein endothelial cells were
isolated as previously described (8) and cultivated on 1% gelatin-
coated cell culture flasks using endothelial cell growth medium 2
with supplement mix (PromoCell GmbH). All cells were incu-
bated at 37�C and at 5% CO2.

Selection of Tumor Cell–Binding Peptides
For biopanning, a linear 12-amino-acid peptide library (Ph.D.12;

New England Biolabs) was used. Each selection round was
conducted as follows: 5 · 1010 plaque-forming units were added
to HPV-16GM cells for negative selection. After 1 h, the medium
was collected and centrifuged for 5 min at 1,500g, and the
supernatant was transferred to HNO223 cells grown to 90%
confluency. After 1 h, the cells were washed 4 times with 10
mL of Hanks’ balanced salt solution(1) (Gibco, Invitrogen Life
Technologies) plus 1% bovine serum albumin (BSA) and 4 times
with 10 mL of Hanks’ balanced salt solution(2) plus 1% BSA.
The cells were then incubated with 5 mL of phosphate-buffered
saline plus 1 mM ethylenediamine tetraacetic acid for 10 min and
subsequently with 5 mL of 0.05% trypsin-ethylenediamine tetra-
acetic acid (Gibco, Invitrogen Life Technologies) until the cells
became detached. The cells were centrifuged for 5 min at 1,500g.
The cell pellet was washed 3 times with 1 mL of Hanks’ balanced

salt solution(2) plus 1% BSA and lysed with 1% Triton X-100
solution. Lysate (10 mL) was used for titration of the phages on
IPTG/X-Gal (Fermentas) lysogeny broth agar plates. The remain-
ing lysate was amplified in 50 mL of ER2537 bacteria according
to the manufacturer’s protocol. For the following 5 selection
rounds, approximately 1011 plaque-forming units were used.
Thereafter, phage single-stranded DNA isolation was done from
the resulting clones (QIAprep Spin M13 Kit; Qiagen). The peptide
was identified by DNA sequencing and subsequently analyzed
with HUSAR map (HUSAR Biocomputing Service at the German
Cancer Research Center).

Peptides
The peptide HBP-1 and its modifications, HBP-AGA (H2N-SPA-

GALAVLGHLY-CONH2), HBP-AXXA (H2N-SPRGDAAVAGHKY-
CONH2), A20FMDV2 (H2N-NAVPNLRGDLQVLAQKVARTY),
and TPH2009.1 (H2N-RGDLATLRQLAQEDGVVGVRY-CONH2),
were obtained by solid-phase peptide synthesis using Fmoc
chemistry (9). The peptides were purified by high-pressure liquid
chromatography (HPLC) on a Chromolith Semi Prep Column
RPe18, 10 · 100 mm (Merck), with a linear gradient of water and
acetonitrile containing 0.1% trifluoroacetic acid and subsequent
lyophilization. The radiolabeling was achieved by iodination on
the C terminus–attached tyrosine residue using the chloramine-T
method (10). The labeled peptide was purified and analyzed on a
Chromolith Performance RP-18e 100 · 4.6 mm column (Merck)
using a linear gradient of water and acetonitrile containing 0.1%
trifluoroacetic acid as eluents. The specific activities obtained
were 90 GBq/mmol for the 125I-labeled peptide and 110 GBq/
mmol for the 131I-labeled peptide. Additionally, HBP-1 was cou-
pled to fluorescein isothiocyanate (FITC) isomer I (Fluka) via an
extra lysine at the C terminus. The cRGD cyclo-(RGDdFV)
peptide (Bachem AG) was used as competitor for in vitro binding
experiments.

In Vitro Binding Experiments
Cells (6 · 105) were seeded into 6-well plates and cultivated

for 24 h. The medium was replaced by 1 mL of fresh medium
(without fetal calf serum) containing 1% BSA. 125I-labeled pep-
tide was added to the cell culture and incubated for the appropriate
times, varying from 10 min to 6 h. For competition experiments,
100 mL of unlabeled peptide (1024 M210212 M) were added
simultaneously with the radioactive peptide (106 cpm per well)
and incubated for 30 min. After incubation, the cells were washed
3 times with 1 mL of phosphate-buffered saline (pH 7.4) and
subsequently lysed with 0.3 M NaOH (0.5 mL). Radioactivity
was determined with a g-counter and calculated as percentage
of the applied dose per 106 cells. Each experiment was performed
3 times, and 3 repetitions per independent experiment were
acquired.

Internalization Experiments
Internalization experiments were performed in vitro after

seeding of 6 · 105 HNO97 cells (6 · 105) in 6-well plates. After
24 h of incubation, the medium was replaced by 1 mL of medium
containing 1% BSA without fetal calf serum. 125I-labeled peptide
was added to the cells and incubated for 10, 60, and 120 min at
4�C and at 37�C. The same conditions were applied using 100 mL
of unlabeled peptide (1024 M) together with the labeled peptide to
ensure specific binding. After incubation, the cells were washed
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3 times with 1· phosphate-buffered saline (pH 7.4). For the 4�C
incubated cells, all washing steps were performed with 4�C cold
buffers. Two washing steps with glycine buffers (50 mM glycine,
100 mM NaCl, pH 2.8) were applied to remove the cell surface–
bound peptide. After that, the cells were washed one more time
with 1· phosphate-buffered saline (pH 7.4). Subsequently, cells
were lysed with 0.3 M NaOH (0.5 mL). Radioactivity was
determined with a g-counter and calculated as percentage of the
applied dose per 106 cells. Each experiment was performed in
triplicate and repeated 3 times.

Stability Experiments
Serum stability measurements were done with 2.3 · 106 cpm of

125I-labeled HBP-1. The peptide was incubated in human serum at
37�C. Aliquots were taken at several time points, and the degra-
dation was stopped by precipitation of the serum proteins with
1 volume of acetonitrile. After incubation on ice and several
centrifugation steps at 1.3 · 106 rpm, the clear supernatant was
analyzed by reverse-phase HPLC on a Chromolith Performance
RP-18e 100 · 4.6 mm column using water and acetonitrile
containing 0.1% trifluoroacetic acid.

Fragment analyses were done with 1023 M unlabeled HBP-1
resolved in 1 mL of human serum. After incubation for 1 h at
37�C, 8 peaks were collected by HPLC separation. Four different
masses could be determined by electrospray ionization. Each
experiment was performed 2 times.

In Vivo Biodistribution of 131I-HBP-1
Female 6-wk-old BALB/c nu/nu mice weighing 15–19 g were

obtained from Charles River WIGA and housed in VentiRacks
(BioZone Global). For inoculation of the tumors in nude mice, a
cell suspension of 4 · 106 cells in OPTI-MEM (Gibco, Invitrogen
Life Technologies) was injected subcutaneously into the anterior
region of the mouse trunk for the HNO97 tumors and into the
upper part of the hind leg for HNO210 tumors. Tumors were
grown to a size of about 0.5 cm3. For the in vivo experiment, a
larger amount of radioactive labeled HBP-1 is required. Therefore
HBP-1 was labeled with 131I because of the shorter life-time of
8 d, in comparison with 60 d for 125I. 131I-HBP-1 was injected
into the tail vein of the animals. At 5, 15, 45, and 135 min after
injection, the mice were sacrificed, blood and organs were
removed and weighed, and the radioactivity was determined using
an automated NaI (Tl) well counter (Cobra II; Canberra Packard).
The percentage injected dose per gram (%ID/g) of tissue was
calculated. All animals were cared for according to the national
animal guidelines. Each experiment was performed in triplicate
and repeated 3 times.

Immunohistochemistry of HNSCC Tissue Slices
Peptide staining was performed on cryostat sections (5–7 mm) of

frozen original HNSCC tumor tissues from the corresponding tumor
samples HNO97, HNO210, HNO223, HNO237, and HNO222. The
slides were mounted on a 3-aminopropyl-triethoxysilan–coated
slide. Tumor sections were fixed with acetone at 220�C for 10
min. Afterward, tumor tissues were incubated with FITC-HBP-1
(1025 M) for 60 min at room temperature. After 3 washing steps,
the sample was incubated with a biotin-conjugated monoclonal
mouse anti-FITC antibody (Sigma) for 30 min followed by a
secondary antimouse antibody applying the PK6102 mouse IgG
ABC Kit (Vectastain Laboratories) as described elsewhere (11).

Bright-field pictures were taken with a BX 50 microscope (Olym-
pus) and AnalySIS image analysis software (Soft Imaging System).
Each experiment was performed in duplicate and repeated 2 times.

RESULTS

Identification of HNSCC-Binding Peptide HBP-1

Five selection rounds were performed on the HNO223
HNSSC cell line with a linear 12-amino-acid peptide library
to allow for enrichment of tumor cell binding or internalizing
phages. Before each selection round, a negative selection
with the keratinocyte cell line HPV-16GM was performed to
subtract phages that bound to nontumor cells. After the final
selection round, single-stranded DNAs of 21 clones were
sequenced and analyzed. One sequence was found to be
enriched in 62% of all sequenced clones and termed HBP.
The other isolated sequences did not bear any similarity to
HBP and did not show second-motif enrichment. HBP is a
12-amino-acid long linear peptide comprising the sequence
H2N-SPRGDLAVLGHK-CONH2. For all further experi-
ments, an additional tyrosine was added to the C terminus
of HBP, which is named HBP-1 henceforward. HBP-1 com-
prises 2 known sequence motifs; the RGD and the LXXL
motifs, which are in the direct neighborhood of each other.

Characterization of Uptake, Kinetics, IC50, and
Internalization of HBP-1

HBP-1 was synthesized by Fmoc solid-phase chemistry
and labeled with 125I. HNSSC cells were incubated for 30
min with 125I-HBP-1. After unbound peptide had been
removed, the cells were lysed and the binding was calculated
as percentage of the applied dose per 106 cells. 125I-HBP-1
showed binding to all 5 HNSCC cell lines, with a maximum
of 11% for HNO97, 10% for HNO222, 7.5% for HNO237,
and 6% for HNO210 (Fig. 1A). For HNO223 cells, which
were used for the selection of HBP-1, 5% binding could be
determined. 125I-HBP-1 did not show any significant binding
to isolated human endothelial cells. Interestingly, 125I-HBP-1
revealed 8% uptake to the human breast cancer cell line
MCF-7 but not to the benign breast cell line MCF-10A. In
addition, 125I-HBP-1 showed an uptake of between 1% and
3% to 4 colon carcinoma cell lines, 2 thyroid cancer cell lines,
1 lung cancer cell line, 1 prostate cancer cell line, and
1 cervical carcinoma cell line (cell lines: HT 29, SW948,
CaCo2, HCT116, C643, FRO82-2, A549, PC-3, and HeLa).
To confirm the specificity of the binding, 1024 M unlabeled
HBP-1 as competitor was coincubated with the radioactive
peptide. For all tested cancer cell lines, a strong competition
was obtained, with values below 1% of binding. Investigation
of the binding kinetics to HNO97 cells revealed an increase in
125I-HBP-1 binding until a maximum was reached at 30 min,
followed by a decrease until a steady-state binding of about
4% was reached at 240 min (Fig. 1B). Incubation of HNO97
cells with 125I-HBP-1 in the presence of increasing concen-
trations of unlabeled HBP-1 as competitor (10210 M21024 M)
showed strong inhibition at higher concentrations, and an
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inhibitory concentration of 50% (IC50) of 38.9 nM (Fig. 1C)
could be ascertained. 125I-HBP-1 showed fast internalization at
37�C into HNO97 cells, with values of 78.6%, 60.5%, and
46.3% of total bound peptide after 10, 60, and 120 min,
respectively, past the start of incubation (Fig. 1D).

In Vivo Distribution of 131I-HBP-1 Using Tumor-Bearing
Nude Mice

For investigation of HBP-1 organ distribution, BALB/c
nu/nu mice with HNO97 and HNO210 tumors were injected
intravenously (tail vein) with 131I labeled HBP-1 (Figs. 2A
and 2B), and the accumulated radioactivity was calculated as
%ID/g (Table 1). In the tumor, an initial activity of almost
7 %ID/g for HNO97 and 6 %ID/g for HNO210 could be
observed, followed by washout of the tumor tissue to a level
of, still, 5 %ID/g at 45 min after injection. The kidneys at first

had the highest uptake, at 15 %ID/g and 11 %ID/g, followed
by a rapid clearance to 30% of the initial value. In the blood,
the radioactivity decreased to 40% and 33% of the initial
value. The retention time of 131I-HBP-1 in the tumor was
significantly higher than in the blood and other organs.
Tumor-to-tissue ratios were mostly above 1, indicating tumor
accumulation, except for kidney and lung (Table 2). For a
biodistribution of 131I-HBP-1 in HNO210 tumor–bearing
mice (Fig. 2B), the radioactivity in the tumor tissue was 5.5
%ID/g for up to 45 min after injection.

Binding of FITC-Labeled Peptide on HNSCC
Tissue Sections

Bright-field analysis with FITC-HBP-1 was determined
for 5 different HNSCC tumor samples, which corresponded
to the 5 HNSCC cell lines used for the in vitro studies. For the

FIGURE 1. In vitro characterization. (A) Binding of 125I-HBP-1 to HNSCC cell lines HNO97, HNO222, HNO237, HNO210,
HNO223; benign human umbilical vein endothelial cells; MCF-7 cancer cell line; and benign MCF-10A cells (% binding indicates
that 125I-labeled HBP-1 was incubated for 30 min with cells; 1 competition indicates that unlabeled HBP-1 [1024 M] was added
as competitor at same time as 125I-HBP-1). (B) Kinetics with 125I-HBP-1 binding to HNO97 cells after 10, 20, 30, 60, 120, 240,
and 360 min. (C) Competition curve of 125I-HBP-1 with HNO97 cells using unlabeled HBP-1 as competitor from 10210 M up to
1024 M. An IC50 value of 38.9 nM could be determined. (D) Internalization of 125I-HBP-1 with HNO97 cells at 37�C determined
after 10, 60, and 120 min of incubation. Each value represents mean and SD of 3 samples.
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HNO97, HNO210, HNO223, and HNO222 samples, a mod-
erate to strong staining was observed in most tumor cells
(Figs. 2C and 2D), whereas the tumor-surrounding stroma
appeared to be negative for FITC-HBP-1. For the HNO237
sample, no staining could be detected.

Peptide Stability in Human Serum

The stability of 125I-HBP-1 was analyzed in heparinized
human serum at 37�C. Analysis of samples taken at several
time points revealed a half-life of 55 min (Fig. 3A). Further
investigation of the observed fragments was performed.
Unlabeled HBP-1 was incubated for 1 h in human serum at
37�C, and 8 fragments could be collected after reverse-
phase HPLC chromatographic separation (Fig. 3B). The
corresponding masses were determined by electrospray
ionization mass spectrometry. Applying the known mass
of HBP-1 and of possible shorter forms of HBP-1, we could
determine the sequence of 3 different fragments: HBP-F1, -F2,

and -F3. All 3 fragments are due to N-terminal degradation of
HBP-1 (Table 3).

Binding Sequence and Target Analysis of HBP-1

To reveal the crucial amino acids primarily contributing to
the HBP-1 percentage uptake, mutations of the intrinsic RGD
motif and the adjacent LXXL motif were evaluated. The
RGD motif was mutated to AGA, and LXXL to AXXA,
resulting in 2 peptides named 125I-HBP-AGA and 125I-HBP-
AXXA (Table 3). Binding studies with HNO97 cells revealed
only 2% of the primary uptake of 125I-HBP-1 for both
mutations (Fig. 3C). Further investigation was addressed to
the nature of the target. Two peptides that are known to target
avb6 receptors were used to compete with 125I-HBP-1 bind-
ing. Both AA20FMDV2 and TP H2009.1 were able to
suppress 125I-HBP-1 binding up to 98% (12,13). In addition,
the commercially available circular peptide cRGD, which is
known to bind to avb3 receptors, was used as competitor. A

FIGURE 2. Biodistribution and binding to tumor tissue sections. (A) Organ distribution of 131I-HBP-1 in HNO97 tumor–bearing
nude mice. Radioactivity was measured in tumor and organs at 5, 15, 45, 135, and 240 min after injection and calculated as
%ID/g (mean and SD are shown; n 5 3 per time point). (B) Organ distribution of 131I-HBP-1 in HNO210 tumor–bearing nude
mice. Radioactivity was measured in tumor and control organs after 5, 15, 45, 135, and 240 min after injection (mean and SD are
shown; n 5 3 per time point). (C) Binding of HBP-1 on HNO97 tumor sections. FITC-HBP-1 stained areas of tumor appear red.
Cell nuclei are stained with hematoxylin and appear blue. (D) Binding of HBP-1 on HNO210 tumor sections. FITC-HBP-1–
stained areas of tumor appear red. Cell nuclei are stained with hematoxylin and appear blue.
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63% decrease of 125I-HBP-1 binding could be observed with
the cyclic peptide competitor. In contrast, unlabeled HBP-1
as competitor resulted in a 99.7% decrease in binding
(Table 4).

DISCUSSION

Targeted therapies represent an attractive approach to
circumventing the nonspecific cytotoxicity of conventional
anticancer treatments. Peptides do provide the advantage
of small molecules, an advantage that enables them to serve
as promising carrier molecules for drug targeting or as
tracer molecules for tumor imaging. Until now, several
peptides have exhibited promising features as lead mole-
cules for targeted therapies (14). Somatostatin, the most
prominent example for tumor-targeting peptides with its
derivates 111In-pentetreotide (OctreoScan; Covidien) and
[DOTA0-Tyr3]octreotide, is used for diagnosis and for
radiopeptide therapy (15,16). The available data for soma-
tostatin analogs encourage further studies addressing the
identification of new tumor-binding peptides. Such studies
may be done using high-throughput systems such as phage
display with peptide libraries.

By applying a 12mer peptide library of great diversity to
human HNSCC cell lines, we were able to select the binding
peptide HBP-1. This peptide was found to be enriched in 62%

of all sequenced clones. The sequence of HBP-1 comprises
an RGD motif that is known to bind with high affinity to
integrin receptors. The most prominent role of this receptor
family is the regulation of proliferation, differentiation, and
migration and the maintenance of tissue integrity (17). Dur-
ing tumorigenesis, the expression pattern and the cellular
localization of various integrins are subjected to significant
changes (18,19). Such changes have also been found in
HNSCC, for which many integrin receptors are downregu-
lated, except for avb3, which is overexpressed; other inte-
grins show de novo expression, as has been demonstrated
for avb6 and a6b4 dimers (20,21). RGD motif peptides and
various modified versions of RGD containing molecules
such as peptidomimetics, pseudopeptides, and disintegrins
(venom-derived) have been studied for their usefulness for
cancer treatment or disease-related angiogenesis treatment
(peptidomimetics (22), pseudopeptides (23), venom (24)).
Cilengitide (cyclo(Arg-Gly-Asp-D-Phe-[NMe]Val)) (Merck
KGaA) is a peptide in phase I and II trials dealing with a
variety of solid tumors and neovascular endothelial cells
(25,26). In an initial study, cilengitide led to a partial response
in highly vascularized head and neck tumors (4).

A prerequisite for the potential application of HBP-1 in
imaging and therapy is its percentage of uptake. HBP-1
exhibits high affinity (IC50 of 38.9 nM) and in vitro binding to
HNO97 cells (#11% applied dose per 106 cells). In addition,

TABLE 1. 131I-HBP-1 Uptake in Organs and Tumor (%ID/g)

Tumor type Blood Heart Lung Spleen Liver Kidney Muscle Brain Tumor

HNO97
5 min 13.52 5.04 9.78 4.98 5.62 15.22 2.81 0.45 7.19

15 min 11.04 3.79 7.95 4.64 4.58 10.57 1.99 0.41 6.08

45 min 8.26 2.76 6.11 3.77 3.01 7.27 1.65 0.28 5.26
135 min 5.51 1.77 3.85 2.58 2.00 4.87 0.86 0.17 4.15

240 min 5.19 1.76 3.96 2.49 1.94 4.48 0.89 0.16 3.66

HNO210

5 min 9.11 3.47 7.12 3.86 4.46 11.53 2.08 0.34 5.87
15 min 7.43 2.69 5.77 3.26 3.08 8.46 1.42 0.29 5.27

45 min 7.18 2.58 5.08 3.48 2.82 6.32 1.39 0.24 5.32

135 min 4.24 1.56 3.35 2.16 1.76 3.71 0.87 0.16 2.47

240 min 3.00 0.99 2.28 1.44 1.12 2.93 0.50 0.10 2.26

TABLE 2. 131I-HBP-1 Tumor-to-Tissue Ratio of HNO97 and HNO210 Tumors

Tumor-to-tissue ratio

HNO97 tumors HNO210 tumors

Tissue 5 min 15 min 45 min 135 min 240 min 5 min 15 min 45 min 135 min 240 min

Blood 0.5 0.6 0.6 0.8 0.7 0.6 0.7 0.7 0.6 0.8

Heart 1.4 1.6 1.9 2.4 2.1 1.7 2.0 2.1 1.6 2.3

Lung 0.7 0.8 0.9 1.1 0.9 0.8 0.9 1.0 0.7 1.0
Spleen 1.4 1.3 1.4 1.6 1.5 1.5 1.6 1.5 1.1 1.6

Liver 1.3 1.3 1.7 2.1 1.9 1.3 1.7 1.9 1.4 2.0

Kidney 0.5 0.6 0.7 0.9 0.8 0.5 0.6 0.8 0.7 0.8

Muscle 2.6 3.1 3.2 4.8 4.1 2.8 3.7 3.8 2.9 4.6
Brain 15.9 14.8 18.5 24.7 22.2 17.2 18.3 21.9 15.9 22.3
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binding was observed in all 4 other HNSCC cell lines,
including 5% binding to HNO223, which has been used for
the panning procedure. The breast cancer cell line MCF-7,
with an average of 8% binding, and several other cancer cell
lines (lung, cervix, pancreas, and colon) with up to 3%
binding provide evidence of a broader applicability in solid
tumors. Interestingly, HBP-1 showed no significant binding to
endothelial cells, a finding that is in contrast to findings with
linear and cyclic RGD peptides used as incorporation en-
hancers of photosensitizers for avb3 integrin–positive human
umbilical vein endothelial cells (27). In view of this finding,
HBP-1 might not target the classic integrin receptor avb3.

Staining of human tumor samples, which corresponded to
the HNSCC cell lines, with fluorescence-labeled HBP-1
revealed positive results in 4 of 5 tested tumors but not in
HNO237. Negative staining results could be due to inhomo-
geneous integrin distribution in the tumor, lower expression
than in the other tumors, or higher integrin expression in the
derived cell line than in the original tumor sample. Therefore,
the results for tissue staining and the HNSSC cell lines
underline the potential for an application in cancer patients.
In biodistribution experiments, HBP-1 accumulated in
HNO97 and HNO210 tumors with relatively stable uptake
until 45 min after injection. The overall retention time in both
tumors types was greater than that in the measured organs and
the blood. The relatively high values in the blood and kidneys
may be due to peptide degradation resulting in labeled
fragments circulating in the bloodstream. Another reason
could be deiodination and excretion of free iodide via the
kidneys. For a possible application in tumor imaging, the
blood background needs to be reduced by peptide modifica-
tion. A comparable or higher retention could be determined
in the lungs and for the spleen, with tumor-to-tissue ratios of
1 or less, and can be explained by the expression of avb6

integrins on lung epithelial cells, which are involved in down-
regulating epithelial inflammation (28). In comparison with a
linear RGD peptide (13mer) studied by Sutcliffe-Goulden
et al., 131I-HBP-1 displays a significantly higher tumor-to-
tissue ratio (29). The cyclic 18F-galacto-RGD showed higher
tumor-to-tissue ratios in a melanoma model, except for liver,

FIGURE 3. Serum stability and binding sequence/target
relation: (A) Serum stability of HBP-1 in human serum at
37�C. Incubation was stopped after 5, 10, 15, 20, 30, 60,
180, and 240 min and analyzed by HPLC. (B) HPLC graph of
the 8 collected HBP-1 fragment peaks (peak 2.805 to peak

3.473) after 1 h of incubation in human serum at 37�C. (C) In
vitro binding studies of 125I-HBP-1 in comparison with motif
mutants 125I-HBP-AGA and 125I-HBP-AXXA to HNO97 cells.
In addition, competition of 125I-HBP-1 binding to HNO97
cells with unlabeled cRGD, TP H2009.1, and A20FMDV2 is
shown.

TABLE 3. Serum Digestion Fragments

Peptide

Serum

degradation fragments

Calculated

mass (g/mol)

HBP-1 S-P-R-G-D-L-A-V-L-G-H-K-Y 1,411

HBP-F1 R-G-D-L-A-V-L-G-H-K-Y 1,227

HBP-F2 G-D-L-A-V-L-G-H-K-Y 1,071
HBP-F3 D-L-A-V-L-G-H-K-Y 1,014
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with 0.8 after 60 min (1.2 5 120 min), compared with 1.7
after 45 min (2.1 5 135 min) for 131I-HBP-1 (30).

HBP-1 is different from common cyclic RGD peptides.
This difference was shown by a competition experiment
in which 125I-HBP1 binding in the presence of unlabeled
HBP-1 decreased to 0.3% whereas a commercially available
cRGD peptide cyclo-(RGDdFV) could reduce the 125I-HBP-
1 uptake only to 63%. As mentioned before, RGD peptides
are known to target predominantly the integrin receptor avb3.
Because of this result, further validation of the binding
sequence by sequence mutation experiments was performed.
Indeed, the alteration of the RGD motif to AGA led to
virtually no binding. But the alteration of the adjacent LAVL
sequence to AAVA led to a loss of binding, too. The amino
acids in the vicinity of the RGD motif may play a major role
in the determination of binding specificity and affinity (31).
Considering the fact that both sequences are required to
provide the full percentage uptake, HBP-1 might target not
the classic RGD peptide receptor avb3 but the receptor
subtypes avb6 and a6b4, subtypes that are known to be de
novo expressed in HNSCC (18,21,32). Interestingly, 2 recent
publications of RGD peptides, TP H2009.1 and A20FMDV2,
reported this so-called LXXL motif in combination with an
adjacent RGD motif. Both results clearly indicated specific-
ity for the avb6 integrin receptor (12,13). Competition
experiments with these two 20-amino-acid long peptides
showed an entire suppression of 125I-HBP-1 binding to
HNO97 cells. Additionally, all HNSCC cell lines were tested
by fluorescence-activated cell sorter analysis for the presence
of avb6 integrin receptor and appeared to be positive. This is
evidence that HBP-1 is targeting the avb6 integrin receptor.
The fact that avb6 is de novo expressed in cancer makes
HBP-1 an even more suitable molecule for effective tumor
imaging and therapy.

Besides the percentage uptake, another important pre-
requisite for in vivo application of targeting peptides is their
stability. Incubation of HBP-1 in human serum revealed a
half-life of 55 min, which is better than the half-life for
both of the compared linear RGDLXXL motif containing
peptides, TP H2009.1 and A20FMDV2, at 14.5 and 42 min,
respectively. Nevertheless, this improved half-life is still not
as good as the features provided by the cyclic 18F-galacto-
RGD peptide (cilengitide), which exhibits 95% intact pep-

tide 120 min after injection in humans (33). Investigation of
the observed fragments 60 min after the start of incubation
showed a stepwise N terminus degradation.

In addition, a specific and fast internalization is desirable
for rapid tumor binding and uptake, resulting in a higher
effect on the tumor and longer drug retention in the cells (34).
With 78.6% internalization after 10 min of incubation with
HNO97 cells, HBP-1 shows high potential for fast tumor
uptake. The decrease of intracellular radioactivity to 60.5%
and 46.3% after 60 and 120 min, respectively, is likely to be
due to cytosolic peptide degradation.

The lead structure of HBP-1 might be modified to
improve its binding affinity, stability, and blood clearance.
Strategies of peptide stabilization are cyclization, incor-
poration of D-amino acids, capping modifications, and
pegylation or protection by a chelator molecule. Pegylation
and coupling to chitin derivates influence the peptide
pharmacokinetics and retention time (35,36). These mod-
ifications may lead to changes in the secondary structure of
the peptide and influence its affinity. Multimerization is a
promising approach to increasing the percentage uptake of
peptides, by maintaining most likely their secondary struc-
ture (34). For applications in patients, it is important to
consider the toxicity of a new compound. Because other
RGD peptides were found to be cytotoxic by themselves
(37), toxicity has to be investigated for HBP-1, too.

CONCLUSION

At present, HBP-1 combines promising properties as a
tumor-binding molecule and as a lead structure for further
modification. It has the extraordinary feature of being linear
but relatively stable, compared with other linear peptides. In
addition, the avb6 receptor provides great potential for tumor
targeting. After further improvements, this new targeting
molecule could be of considerable importance as a diagnostic
or therapeutic agent for head and neck tumors and other
tumors with avb6 receptor overexpression.
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