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Spectral Polarization Imaging of Human
Prostate Cancer Tissue Using a Near-infrared
Receptor-targeted Contrast Agent

The Cypate-Bombesin Peptide Analogue Conjugate (Cybesin) was used as a prostate
tumor receptor-targeted contrast agent. The absorption and fluorescence spectra of
Cybesin were measured and shown to exist in the NIR tissue “optical window”. The spectral polarization imaging of Cybesin-stained prostate cancerous and normal tissues shows
that prostate cancerous tissue takes-up more Cybesin than that of prostate normal tissue,
making Cybesin a potential marker of prostate cancer.
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Introduction
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The increasing incidence and mortality rate of prostate cancers in men makes
early tumor detection research a challenge for oncological specialists. The region
of the highest incidence is in the western world, where there are 10-11% chances
for a man to develop prostate cancer, and 3-4% chances of dying from the disease
(1). Conventional oncology imaging methods for prostate cancer diagnosis, still
depend on bulk physical properties of cancer tissue and are not effective for earlystage primary tumors (2). It is well known that diagnosis of a small premalignant
lesion is critical for the success of cancer therapy and a key to increase survival
rates. Scientists have been looking for methods that emphasize gene-specific or
receptor-specific, minimally invasive diagnosis for early-stage tumors (2).
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Near-infrared (NIR) optical imaging is a powerful tool in cancer research that
relies on activating endogenous chromophores or applying contrast agents that can
target cancer cells. The use of intrinsic chromophores to differentiate the optical
properties of diseased and healthy human tissues has been reported in some studies using fluorescence and absorption (3, 4). The most attractive advantage of
optical imaging is the high sensitivity, which can be superior to other in vivo imaging techniques (2). Over the past decade, cyanine dyes have been investigated by
several groups (5, 6) as contrast agents for optical detection of tumors. In order to
observe fluorescence from a substantial distance within the body, the emission
wavelength must be in the NIR wavelength window in which light passing
through tissue is less likely to be absorbed or scattered (7). Researchers are interested in cyanine dyes because their emission range of 700 nm to 900 nm is in the
tissue “optical window” (8). Indocyanine Green (ICG, also called cardio-green),
a clinically approved NIR dye by FDA, is one of the most investigated cyanine
dyes. Its fluorescence range is between 775 nm and 850 nm, that avoids the
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absorption bands at 950nm and 1195nm due to water which is
the main chromophore component in human tissue (4, 9).
The investigations of receptor expression in normal and cancer tissue suggest that small peptide-dye conjugates can be
used to target over-expressed receptors on tumors contrary to
the traditional approach of dyes conjugated to large proteins
and antibodies (5, 10, 11). As a small ICG-derivative dyepeptide, Cypate-Bombesin Peptide Analogue Conjugate
(Cybesin) was synthesized and used as a contrast agent to
detect pancreas tumors in an animal model a few years ago
(5). The prior experimental results of Cybesin for tumor
detection indicated that Cybesin preferentially localized for
over 24 hours in tumors known to over-express bombesin
receptors in a small animal model (5). In this study, Cybesin
was used to target over-expressed bombesin receptors in
human prostate cancer tissue. Bombesin belongs to a family
of brain-gut peptides that play an important role in cancer
development (12). It was observed that human primary
tumors can synthesize bombesin (12), and the bombesin
receptor can also be over-expressed on the membranes of
human prostate cancer cells (12). All of these results motivated us to apply Cybesin to human prostate cancer detection.
In this paper, we report our NIR spectral polarization imaging
study using Cybesin as an optical contrast agent marker to differentiate human prostate cancerous and normal tissues. The
absorption and fluorescence spectra of Cybesin were studied
in the wavelength region from 650 nm to 900 nm. The model
prostate samples consisting of a small piece of normal
prostate tissue and a small piece of prostate cancer tissues
stained with Cybesin were imaged. The results indicate that
this receptor-targeted Cybesin was preferentially taken up by
prostate cancerous tissue compared to prostate normal tissues.
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CCD for selecting the detection polarization. Images are
recorded when the detection polarization is parallel or perpendicular to the illumination polarization (7). For emission
light imaging, the wavelengths of the band pass range of the
detection (imaging) filter is longer than that of the illumination so that the pump light is blocked, and only the light
emitted from the sample is collected by the CCD camera (7).
Eight [8] in vitro prostate cancer-and-normal tissue samples
obtained from Hackensack University Medical Center
(HUMC) and the National Disease Research Interchange
(NDRI) were used for optical imaging measurements. The
results of histological section measurements performed at
the Pathology Department of HUMC were used as a guide to
indicate the locations of the cancerous and normal tissue
areas. The prostate normal tissues were cut into a number of
large slices with thicknesses of 1.0 mm to 4.5 mm and used
as host tissue. The experiments were performed under IRB
approvals at HUMC and CCNY (City College of New York).
A typical prostate cancerous-normal tissue sample used for
the imaging measurements consists of a small piece of
prostate cancer tissue and a small piece of prostate normal
tissue. Both of them have a similar size and were soaked in
the same Cybesin-DMSO (in 20% aqueous Dimethyl
Sulfoxide) solution with a Cybesin concentration of ∼3.2 ×
10-6 M for the same period of time. Then the samples were
put into sodium phosphate buffer (Sigma-Aldrich) to wash
off the unbound Cybesin. The stained normal and cancer tissues were then sandwiched between large pieces of prostate
normal tissue. The depth of the stained tissue underneath the
surface of the host prostate normal tissue was varied to
obtain the detectable imaging depths. The schematic diagram of a sandwiched prostate cancerous-and-normal tissue
sample is shown at the sample position in Figure 1.

Materials and Methods
Experimental Method and Sample
The schematic diagram of the experimental set-up for our
NIR spectral polarization imaging is shown in Figure 1.
Light from a white light source is used to illuminate the
prostate tissue sample with average power of about 50
µW/cm2, which is much lower than the critical illumination
level given by FDA. The illumination wavelengths are
selected by wide-band pass filters varying from 550 nm to
900 nm with FWHM=40 nm placed on a multiple filter
wheel, which can be rotated to the desired filter position by
computer control. A CCD camera records images formed by
light emitted from the sample. The detection wavelength is
selected by rotating a similar set of band pass filters placed
on the second multiple filter wheel located in front of the
detector. Polarizer P1 used to ensure linear polarization of
the illumination and polarizer P2 is placed in the front of the

Figure 1: Schematic diagram of our spectral polarization imaging set-up.
The structure of a sandwiched prostate cancerous-and-normal tissue sample
is schematically shown in the sample position.
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The prostate tissue from which the stained normal and cancerous tissue pieces were taken was cut into a number of slides
with a thickness of 250 µm at HUMC for microscopy study.
The microscope images were taken using a digital electromicroscope (Mel Sobel Microscopes Ltd) and compared with
the results obtained from the optical imaging. Figures 2(a)
and (b) show the low power (×40) microscope images of the
normal and cancerous areas of prostate tissue, respectively.

a

b

Figure 2: (a) 40 times magnified microscope image of the normal area in
a prostate tissue sample and (b) 40 times magnified microscope image of
the cancerous area in a prostate tissue sample. The cancer is estimated as
Gleason grade 3+4.

The Absorption and Fluorescence Spectra of Cybesin
Cybesin was prepared by Achilefu’s group at the Washington
University School of Medicine. The molecular structure of
Cybesin is shown in Figure 3. It is mainly composed of ICG
and the bombesin receptor ligand, which delivers the ICG to
the receptor presented in the tumor (5). The synthesis of this
contrast agent was reported elsewhere (5). The previous
investigation shows that Cybesin can be used for effectively
targeting a bombesin-rich tumor in the animal model
because of the high affinity of Cybesin for the bombesin
receptor (5). The schematic for Cybesin targeting the
bombesin receptor on a tumor is also shown in Figure 3.
In this study, we investigated the over-expressed bombesin
receptor status in human prostate cancer cells. A variety of
tumor tissues have been found to express bombesin receptors, for instance prostate, lung, breast, and pancreas tumors

Figure 3: Molecular structure of the Cypate-Bombesin Peptide Analogue
Conjugate (Cybesin), and schematic diagram of Cybesin targeting to the
bombesin receptor on prostate tumor cells.

(12, 13). The optical imaging for human prostate cancer
detection using this contrast agent depends on the two factors: (i) The high affinity of Cybesin for the bombesin receptor (5) and (ii) the over-expressed bombesin receptor status
of human prostate cancer cells (12, 13).
In our study, Cybesin was solvated in 20% aqueous Dimethyl
Sulfoxide (DMSO). The absorption spectrum of Cybesin in
DMSO solution was investigated using a Perkin-Elmer
Lamda 9 UV/VIS/NIR Spectrophotometer in the spectral
range of 300 nm to 900 nm. The fluorescence spectrum was
measured using a far-red to NIR spectral setup excited by
modulated excitation with a 680 nm diode laser. Fluorescence
light from the sample after passing through lenses was
focused on the entrance slit of a SPEX Minimate 0.25-m
monochromator (spectrometer) and detected by a Hamamatsu
P394A PbS detector mounted at the exit slit of the monochromator. Signals from the detector were recorded by a PAR
Model HR-8 lock-in amplifier connected to a computer.

Figure 4: (a) Absorption and (b) fluorescence spectra of Cybesin in 20% aqueous DMSO. The fluorescence was excited by a 680 nm diode laser.
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Figure 4(a) and (b) show the measured absorption and fluorescence spectra of Cybesin, respectively. The absorption
band of Cybesin ranges from 680 nm to 830 nm with a
shoulder peak at 720 nm and a strong peak at 792 nm. The
fluorescence spectrum covers from 800 nm to 950 nm with a
main peak at 825 nm and a weak peak at 925 nm. Both
results show that Cybesin possesses the spectral advantages
of ICG that the fluorescence and the absorption ranges are in
the NIR range of the “tissue optical window”.
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ditions, the samples were imaged at different wavelengths,
polarizations, and depths in which the stained small pieces
of the cancerous and normal tissues were embedded inside
the host prostate tissue.

In order to investigate the affinity of Cybesin for prostate
cancer tissue and obtain the optimal spectral imaging con-

The contrast agent emission images of the samples were
recorded at different pump and detection wavelengths varying from 650 nm to 850 nm. In order to compare images
recorded at different wavelengths in the same polarization
configuration, the perpendicular images were recorded.
Figure 5 shows perpendicular polarization images of stained
cancerous and normal prostate tissue on the host normal
prostate tissue recorded at different detection wavelengths of
750 nm to 850 nm. The salient features shown in Figure 5

Figure 5: Contrast agent emission images of a prostate cancer-and-normal
tissue sample recorded at (a) λpump=650nm and λdetection=750nm, (b)
λpump=700nm and λdetection=800nm, and (c) λpump=750nm and λdetection=850nm, with a perpendicular polarization configuration; (d), (e), and (f)

are the cross section intensity distributions of the images of (a), (b), and (c)
at the same row crossing the areas of the stained cancer (C) and normal (N)
tissues, respectively. The intensity in the cancerous tissue area is much
greater than that of the normal tissue area.

Optical Imaging Result and Discussion
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is that the dyed small pieces of cancer and normal tissues
can not be clearly distinguished from the image acquired
with short pump and detection wavelengths at λpump=650
nm and λdetection=750 nm, while the tumor can be recognized by the images obtained with longer pump and detection wavelengths at λpump=750 nm and λdetection=850 nm.
When the wavelength increases, the visibility of the dyed
object increases dramatically. The measured results show
that the optimized detection wavelength range is from 800
nm to 850 nm, which is exactly the strong fluorescence
range of Cybesin. This indicates that the recorded images
are indeed formed from the contrast
agent emission, not from the tissue’s
native emission. It can be seen from
the images that the cancerous tissue
piece is much brighter than that of the
normal tissue piece indicating that the
prostate cancer tissues adsorb
Cybesin more than normal tissues
because Cybesin targets the overexpressed bombesin receptors of
human prostate cancer cells (12, 13).
On the other hand, since malignant
tumors are more cell-packed (14),
there will be more cells in cancerous
area, even for same size, geometry, or
weight, and hence more, Cybesin
binds to cancerous area versus normal area. We believe that both high
adsorption and density of cancer cells
contribute to the large fluorescence
intensity in the cancerous area, and
make Cybesin a good candidate as a
marker to differentiate prostate cancerous tissue from the normal tissue.
The difference between cancerous
and normal tissue images can be
more clearly seen from their spatial
intensity distributions at the same
pixel row crossing the areas of the
stained cancer and normal tissues.
Figures 5(d), (e), and (f) show the
digital spatial cross section intensity
distributions of the images shown in
Figures 5(a), (b), and (c), respectively. The image obtained at λpump=750
nm and λdetection=850 nm shows the
best visibility and greatest difference
between normal and cancerous tissue.
Under this best imaging condition,
the ratio of imaging intensity of cancerous tissue area to that of normal
tissue area is found to be ∼3.55.
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As described in our previous study (15, 16), the polarization
preservation property of ICG and the fluorescence polarization difference imaging technique can be used to improve the
image quality of a fluorescent object embedded in tissues. In
order to determine if Cybesin has a polarization preservation
property, we studied Cybesin emission images recorded at different polarization configurations. The polarization dependence of fluorescence images of the stained cancerous and normal prostate tissue surrounded by the host normal prostate tissue at λpump=750 nm and λdetection=850 nm is shown in
Figure 6. Figure 6(a) displays the parallel image recorded

Figure 6: Polarization dependence of fluorescence images of a cancerous and normal prostate tissue sample recorded at λpump=750nm and λdetection=850nm when the polarization direction of P2 is parallel (a) and
perpendicular (b) to that of the illuminating light. (c) is the polarization difference image obtained by subtracting (b) from (a). (d), (e), and (f) are the digital spatial cross section intensity distributions of the
images shown in (a), (b) and (c), respectively.
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when the polarization direction of P2 in front of the CCD camera is parallel (||) to that of the illuminating beam. Figure 6(b)
displays the perpendicular image recorded when the polarization direction of P2 is perpendicular (⊥) to that of the illuminating beam. Figure 6(c) displays the difference image
obtained by subtracting the perpendicular image [Fig. 6(b)]
from the parallel image [Fig.
6(a)]. Figures 6(d), (e), and (f)
show the digital spatial cross
section intensity distributions of
the images shown in Figures
6(a), (b), and (c), respectively.
The salient features of these
images and their intensity distributions are: (i) The peak intensity of the cancerous tissue of
the parallel image shown in
Figure 6(d) is slightly higher
than that of perpendicular one
shown in Figure 6(e). This difference can be explained
because the light reaching the
CCD camera is still partially
polarized (16). The preferred
polarization direction is parallel
to that of illuminating beam,
and (ii) the relative brightness
of the stained cancerous piece in
comparison with the stained
normal piece for the polarization difference image shown in
Figure 6(c) is obviously higher
than those of the conventional
polarization images shown in
Figures 6(a) and 6(b). To quantitatively describe the improvement of the relative brightness
of the dyed cancerous area to
the dyed normal tissue area for
the polarization difference
image, the contrasts (C) of the
cancerous tissue area relative to
the normal tissue area for all of
the polarization and difference
images were calculated. C is
defined as:
C = (Ic – In) / (Ic + In)

[1]

where Ic and In are the local
maximum values of the cancer-

ous and normal tissue area, respectively. Using the digital
data shown in Figures 6(d), (e), and (f), the contrasts for
these parallel, perpendicular, and polarization difference
images are calculated to be 0.28, 0.26, and 0.45, respective-

Figure 7: Depth-dependence of contrast agent emission images of a prostate cancer-and-normal tissue sample
recorded at λpump=750nm and λdetection=850nm with a perpendicular polarization configuration for depths of (a)
∼1mm, (b) ∼2mm, (c) ∼2.5mm, and (d) ∼3 mm from the surface of the host normal tissue. (e), (f), (g), and (h)
are the cross section intensity distributions of the images of (a), (b), (c), and (d) at the same row crossing the areas
of the stained cancer (C) and normal (N) tissues. (a) to (c) and (e) to (g) clearly show that the intensity in the cancerous tissue area is much brighter than that of the normal tissue area. From (d) and (g), for a depth of ∼3mm,
although the image is blurred, the cancerous region can still be distinguished.
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ly. These results indicate that Cybesin has a polarization
preservation property similar to ICG, and the polarization
difference image shown in Figure 6(c) has a better image
contrast than that of the individual polarization images.
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λdetection=850 nm, the cancerous prostate tissue can be distinguished at a depth of ∼3 mm using this contrast agent
even for weak illumination of ∼50 µW/cm2.
Acknowledgement

The image of the Cybesin dyed prostate cancerous and normal tissues hidden inside the host tissue is formed by photons emitted from Cybesin that have undergone coherent
scattering (ballistic photon), less scattering (snake photon),
and multiple scattering (diffusive photon) (17). Since most
of the photons emitted by the contrast agent undergo multiple scattering, only small percentage of the photons retain
their polarization information while they propagate in tissue, the intensities of the two image components I|| and I⊥
have only small difference. When the two image components are subtracted (I|| - I⊥), the strong diffusive image
component is canceled out. Therefore the contrast of the
polarization difference image is much better than that of
each individual polarization image.
We also investigated the depth dependence of images at
λpump=750 nm and λdetection=850 nm using the sandwiched
structure of the prostate tissue samples. The thickness of
the host normal tissue in front of the stained cancerous and
normal tissue pieces was varied up to 3 mm. In order to
compare images of objects at different depths in the same
polarization configuration, perpendicular imaging was
measured. Figures 7(a) to (d) show the backscattering contrast agent emission images of the pair of stained cancerousnormal tissue pieces hidden by depths of ∼1 mm, ∼2 mm,
∼2.5 mm, and ∼3 mm, respectively. Figures 7(e), (f), (g),
and (h) show the spatial cross section intensity distributions
of the images of Figures 7(a), (b), (c), and (d), respectively.
The results show that the intensity difference between normal and cancerous tissue can be clearly distinguished up to
a depth of ∼2.5 mm. At a depth of ∼3 mm, the image is
blurred, but the intensities of cancerous tissue are still
stronger than that of normal tissue.
Conclusion
Spectral measurements of a receptor-target contrast agent,
Cybesin, and an optical imaging study was performed for
human prostate cancerous and normal tissue stained with
Cybesin. The experimental results show that prostate cancerous tissue takes up more Cybesin than normal tissue, and
Cybesin can be used as a marker of a cancerous region. In
addition, Cybesin is a sound contrast agent because its
absorption and fluorescence spectra are in the NIR “tissue
optical window”. The fluorescence-polarization-difference-imaging (FPDI) technique was used to enhance the
contrast between cancerous and normal tissue area. The
depth dependence of polarization imaging was investigated.
With optimum conditions using λpump=750 nm and
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