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Abstract
Magnetic resonance imaging (MRI) and MR spectroscopy can probe a variety of physiological (e.g.
blood vessel permeability) and metabolic characteristics of prostate cancer. However, little is known
about the changes in gene expression that underlie the spectral and imaging features observed in
prostate cancer. Tumor induced changes in vascular permeability and angiogenesis are thought to
contribute to patterns of dynamic contrast enhanced (DCE) MRI images of prostate cancer even
though the genetic basis of tumor vasculogenesis is complex and the specific mechanisms underlying
these DCEMRI features have not yet been determined. In order to identify the changes in gene
expression that correspond to MRS and DCEMRI patterns in human prostate cancers, we have
utilized tissue print micropeel techniques to generate “whole mount” molecular maps of radical
prostatectomy specimens that correspond to pre-surgical MRI/MRS studies. These molecular maps
include RNA expression profiles from both Affymetrix GeneChip microarrays and quantitative
reverse transcriptase PCR (qrt-PCR) analysis, as well as immunohistochemical studies. Using these
methods on patients with prostate cancer, we found robust over-expression of choline kinase a in the
majority of primary tumors. We also observed overexpression of neuropeptide Y (NPY), a newly
identified angiogenic factor, in a subset of DCEMRI positive prostate cancers. These studies set the
stage for establishing MRI/MRS parameters as validated biomarkers for human prostate cancer.
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The wide range of biologic activity exhibited by prostate cancer creates dilemmas for the
management of individuals with known or suspected disease. Prostate cancer is one of the few
cancers that can grow so slowly that it never threatens the lives of many patients. Yet, in some
patients, the disease spreads beyond the gland, and is incurable. This characteristic of prostate
cancer is reflected in the fact that, although one out of six men will develop prostate cancer,
only one out of thirty five will die of the disease [1].
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Prostate cancer patients are being identified at an earlier and potentially treatable stage because
of the adoption of screening using serum prostate-specific antigen (PSA) and transrectal
ultrasound (TRUS) guided biopsy [2–6]. A major challenge to the medical community is to
characterize the behavior of an individual patient’s prostate cancer and to select the appropriate
level of management while preserving the patient’s quality of life. Current pre-treatment
paradigms have significant limitations, both individually and collectively. One of the most
widely used pretreatment paradigms is based on the Partin tables [7,8], which are derived from
a combination of demographic factors, as well as the Gleason score from biopsy samples, PSA
assessments and DRE results. These tables are computed using population based probabilities
and, as such, have limitations when making decisions about individual patients. Thus, a more
comprehensive and objective means to characterize prostate cancer after its detection and prior
to therapy would be very useful in clinical practice.

In general, apart from TRUS guided biopsy, imaging has had little impact on the detection,
and subsequent characterization, of prostate cancer. This may seem somewhat surprising in
light of the impact imaging has had on other cancers. Of all of the modalities available, magnetic
resonance imaging (MRI) holds the most promise for providing both high-resolution
anatomical images [9], functional [10,11], and metabolic images of prostate cancer [9,12].
These advantages have already been exploited by many groups who have evaluated MRI alone,
or in combination with MRS, to stage and characterize prostate cancer. The development and
application of dynamic contrast enhanced MRI has provided a potential tool to image the
manifestations of angiogenesis in tumors, in general [10,11,13,14], and in prostate cancer,
specifically [10,11]. The close connection between DCEMRI and angiogenesis and the current
consensus that more aggressive tumors exhibit greater angiogenesis form the basis for
suggesting that DCEMRI is an “imaging” biomarker. As an example, a recent review by
Rehman and Jayson [15] discusses the role of DCEMRI as a molecular imaging tool in
assessing the efficacy of antiangiogenic agents, both in clinical and preclinical studies. More
broadly, Oehr, in his recent article [16], reviews the use of non-invasive imaging modalities
to probe genomics, proteomics and metabolomics. The probing of metabolomics is particularly
relevant to MRS where there is good evidence to suggest that the choline resonance can serve
as a biomarker for malignancy [9,12,17]. While most of Oehr’s discussion revolves around the
development and use of targeted contrast agents, Segal et al. [18] have shown that it is already
possible to relate morphological features found in CT images of liver cancer in humans with
underlying gene expression profiles.

All of these considerations prompted our group to undertake systematic studies in prostate
cancer that attempt to correlate gene expression profiles with the different imaging features
found in DCEMRI and MRS. Aside from the clinical importance of these studies, prostate
cancer is a good system for these kinds of investigations since tissue from the entire gland is
available from men who have undergone radical prostatectomies. Carefully step-sectioning of
the gland in the same slice orientation employed for the MR studies provides the potential
capability of spatially registering the results of “omic” kinds of studies with non-invasive in-
vivo MRI. We have described (Gaston et al [19]) a “tissue printing” method that preserves the
prostate tissue for detailed histopathology, while providing sufficient material to carry out a
variety of biochemical and molecular profiling studies. In this report we describe, by example,
how it is technically possible to obtain genomic, proteomic, and metabolimic data that can be
spatially registered to the in-vivo MRI data and discuss the implications of our first results.

Materials and Methods
MR Protocols

At our institution all prostate cancer patients, whether they are evaluated for pre- or post-
therapeutic assessment, undergo the same standardized comprehensive MR protocol:

Lenkinski et al. Page 2

MAGMA. Author manuscript; available in PMC 2009 September 8.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Patient Preparation—Patients are asked to refrain from ejaculation for three (3) days
preceding the exam to ensure optimal distension of the seminal vesicles. A sodium phosphate
enema is administered on the day of the study in order to minimize fecal residue in the rectum.
A 1 mg glucagon i.m. injection is administered to reduce peristaltic motion.

The endo-rectal coil (MRInnervu, Medrad, Pittsburgh, PA) is inserted into the rectum and
connected to a pelvic phased-array coil with a coupling device to combine the surface phased
array coil with the endorectal coil. A barium suspension is used to fill the balloon in the endo-
rectal coil with a typical volume of 80 cc’s, however, adjusted for patient tolerance. The use
of Barium reduces susceptibility effects when compared to the use of air and should improve
MRS and DWI results [20] .

MRI and MRS are performed on a 3.0-T MR imaging system (Genesis Signa LX Excite,
General Electric, Milwaukee, WI). The endo-rectal coil position is verified with sagittal T2-
weighted localizer images and adjusted, if needed, so that the prostate gland is optimally
situated with respect to the coil.

T2W images: transverse and coronal fast spin-echo T2-weighted images are obtained from
below the prostatic apex to above the seminal vesicles using the following parameters:
repetition time msec/echo time msec (effective) 4,500–7600/165, BW = 31.25 kHz, 2.0–2.2mm
section thickness and no intersection gap, 3 averages, 14-cm field of view, 256 × 192 matrix,
and no phase wrap. A unique attribute of this protocol is the use of thinner sections than have
been the previous routine. This results in 30% – 50% more sampling of the gland compared to
the traditional 3–4 mm section approach. The phase encoding direction is left-right.

DCEMRI. Three-dimensional (3D) T1-weighted (T1W) gradient echo (GRE) images:
These are acquired prior to, during, and after contrast injection. Dynamic contrast enhanced
(DCE) images are obtained after bolus injection of gadopentetate dimeglumine (Magnevist®;
Berlex Laboratories, Wayne, NJ) at a dose of 0.1 mmol / kg of body weight administered with
a mechanical injection system (Spectris® MR Injection System, MEDRAD, Pittsburgh, PA)
at a flow rate of 4ml/sec. The imaging parameters of the 3D GRE sequence are: TR/TE 7.2/2.1
msec, BW = 31.25 kHz, flip angle 18°, FOV 14 cm, matrix 256 × 224, ST: 2.0–2.6mm, no
phase wrap, which can be obtained with a temporal resolution of approximately 1 minute, 35
seconds. Two pre-contrast and five post-contrast sequential acquisitions are obtained.

For the pre-contrast scans, the first is used to ensure relevant anatomic coverage; the second
is used as part of a continuous series of pre- and post-acquisitions in which the instrument
settings (gain and attenuation values) are identical. Contrast injection is initiated during the
last 10 seconds of the 2nd pre-contrast acquisition. See [21] for details.

MRSI Acquisitions: These studies were performed using the endo-rectal coil as the only
receiver using the pulse sequence described by Cunningham et al. [22]. The 3D volume of
interest was prescribed graphically from the axial T2W images. Spatial saturation pulses were
also graphically prescribed around this volume of interest to avoid areas with high susceptibility
gradients and areas that contained high lipid signals. The homogeneity of the selected region
was automatically optimized using the automated linear shimming procedure provided by the
manufacturer. Typical acquisition parameters were 8×8×8 phase encodes, TR 1300 msec, TE
144 mec. The resulting MRSI data were transferred to an offline workstation and processed
using the SAGE spectral analysis package provided by GE.

Analysis of DCEMRI Images: The time series of 3D gradient echo images were processed
at pixel resolution, using the three-time-point (3TP) model [23] to analyze the time evolution
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of contrast enhancement. The results were translated into a color-coded scheme as published
previously [23–25].

Gene Expression Profiles
Tissue print micropeel mapping of molecular biomarkers—In order to identify the
changes in gene expression that correspond to MRI-MRS and DCE-MRI visible changes in
human prostate cancers, we have utilized tissue print micro-peel techniques [19] to generate
“whole mount” molecular maps of radical prostatectomy specimens that correspond to pre-
surgical MRI imaging studies. An example of this methodology is shown in Figure 1. Within
one hour of surgical excision, the radical prostatectomy specimen was sliced in parallel to the
presurgical MRI imaging planes. Tissue print micropeels were collected in duplicate from each
specimen slice of the prostate specimen and immediately snap-frozen on dry ice. Registration
between the print and tissue specimens is maintained by fiduciary markings and detailed
photographic record. For molecular biomarker mapping, the print was marked and cut while
still frozen in order to generate a grid of “tiles” from which RNA, DNA, and protein fractions
were extracted. Using this approach, it is possible to efficiently extract DNA, RNA and protein
from the prostate tissue prints in such a way that the molecular markers can be mapped back
to a specific tile from the print, with the print in register with the formalin fixed, paraffin
embedded (FFPE), tissue. Using this approach, we routinely obtain 200–400 ng of high quality
RNA (RNA Integrity Index of 6 or better; Schroeder et al.,2006 [26]) from each 5×5 mm tile
for the RNA analysis. Technical validation studies using Affymetrix focus arrays (over 8,500
verified human sequences) show that the global gene expression concordance between a tissue
print and its corresponding 1 mm diameter tissue core sample is excellent, in the range of
Pearson correlation coefficient of 0.96 – 0.98. (R2 approximately, 0.92 – 0.96) (Gaston et al.
Manuscript in preparation)

RNA analysis—In our global gene expression analysis of RNA purified from tissue print
tiles, we employed the Affymetrix U133 Plus 2.0 array platform (U133 Plus 2.0 represents
47,000 human gene transcripts and variants). RNA was extracted and purified from a 5×5 mm
tile centered in the tumor and another 5×5 mm tile centered in an anatomically matched benign
region on the opposite side (see Figure 2). Prior to labeling, a 100 ng aliquot of total RNA
purified from each tissue print tile was amplified using a modified Eberwine-based protocol
designed to maintain the representation of mRNA expression in samples with minimal starting
material, and the array metrics were consistent with excellent biological representation of the
microarray data (present calls >40%). Array results obtained by our academic core genomics
facility were confirmed by a commercial laboratory that serves as a fully licensed service
provider for Affymetrix. We employed qrt-PCR RNA analysis to validate the results of our
microarray differential gene expression profiles in the original samples. Validated genes of
interest were then assessed using qrt-PCR in the RNA samples that had been isolated from
each of the tissue print tiles in the map, as described in [19].

Immunohistochemical analysis—4 micron serial sections were prepared from FFPE
blocks prepared from the tissue region shown in Figure 3. The first and tenth sections were
stained using a standard H&E and reviewed and marked by a GU pathologist in order to identify
regions of histological cancer, inflammatory changes, and tissue atrophy. For
immunohistochemistry, successive sections from each block were stained individually using
primary antibodies (rat, human) for a-aylmethyl co-enzyme A racemase (AMACR; Zeta Corp.,
Sierra Madre, CA), hepsin (#100022, Cayman Chemical Company, Ann Arbor MI), choline
kinase (SC-23382, Santa Cruz Biotechnology, Santa Cruz CA), vascular endothelial growth
factor (VEGF) (SC7269, Santa Cruz Biotechnology, Santa Cruz CA), and neuropeptide Y
(NPY) (#RDI-PRO16054, Research Diagnostics, Inc, Concord MA). These were then stained
using horseradish peroxidase methods optimized for prostate tissue [27]. The slides were then
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examined and digitally photographed under a light microscope. Staining intensity was
evaluated relative to a tissue microarray with a reference set of prostate cancers that was
processed in parallel with the slides of interest and analyzed with the an Automated Cellular
Imaging System (ASIC II, Chromavision Medical Systems Inc.). Where available, slides were
also prepared using the appropriate blocking peptide or the secondary antibody as controls.

The tissue slices were prepared as above for the immunofluorescence studies. A slice of tissue
was labeled with the primary antibody for NPY, followed by staining with Jackson Cy3-
conjugated Donkey anti-mouse secondary antibody (Jackson ImmunoResearch Laboratories,
Inc, West Grove PA). An additional slice was

stained using 4',6-diamidino-2-phenylindole (DAPI), (Invitrogen Corporation, Carlsbad, CA)
which was used to stain for nuclear DNA. These slices were examined using a NIKON Eclipse
TE 300 Microscope, in the phase contrast and fluorescence mode.

Results
The color-coded map derived from a pixel-by-pixel analysis of the axial DCEMRI images is
shown in the middle of Figure 2. Note the presence of the red nodular region in the left side of
the gland. This region corresponds to the tumor outlined in the histopathology shown below
in Figure 2. The global gene expression profile carried out on the two tiles indicated in Figure
2 showed that there were 380 genes that showed significant up-regulation, as judged by a signal
log ratio of tumor/contra-lateral side that was greater than 1.0 (greater than 2 fold change). Of
these, eleven genes known to play a role in angiogenesis showed 3 fold or greater over-
expression. The most highly over-expressed of these genes was neuropeptide Y (NPY) which
showed a 49 fold ratio of tumor to benign, whereas VEGF showed a 3.8 fold ratio of tumor to
benign. The distribution of hepsin, choline kinase, VEGF and NPY as determined using rt-
PCR analysis for the RNA from the 5×5 mm tiles is shown in Figure 2. AMACR is over-
expressed in almost all localized prostate cancers; AMACR staining is used in Figure 3 to
visualize the area of tumor. Note that in this case of localized prostate cancer, a high level of
NPY mRNA over-expression is evident both by Affymetrix array (49 fold over-expression)
and rt-PCR (400 fold over-expression comparing highest tiles, tumor/benign) and confirmed
by immunohistochemistry shown in Figure 3 (staining intensity in the highest 20% of reference
primary prostate cancers, with intense cytoplasmic staining, ACIS IHC quantitation). In
contrast, VEGF mRNA over-expression is relatively low in this tumor, with 3.8 fold over
expression by Affymetrix and 1.2 fold over-expression (highest tiles, tumor/benign) by rt-PCR.
By immunohistochemistry, VEGF staining intensity for this tumor is in the lowest 20% of
reference primary prostate cancers (ACIS IHC quantitation). The levels of choline-kinase over-
expression, shown in Figure 2A by rt-PCR and in Figure 3 by immunohistochemistry, are
greater than those found for VEGF but considerably below those found for NPY. Figure 4
confirms that there is robust overexpression of NPY in this tumor; immunofluroescent
detection of NPY is shown in comparison to both a phase-contrast and DAPI stained image of
the same section. In principle, this method, (immunofluorescence), should lend itself to more
precise and accurate quantitation than the horseradish peroxide staining [27,28].

Another example of the results of immunohistochemical staining is shown in Figure 5. This
tumor (marked in blue) is located predominantly in the anterior portion of the gland. The color-
coded 3TP map shows good concordance with the H and E stain, the NPY stain and the
AMACR stain. The VEGF stain shows that most but not all of this tumor over-expresses VEGF.
The VEGF positive areas of this cancer show greater staining intensity than observed in the
tumor in figure 3; corresponding to the third (middle) quintile of reference primary prostate
cancers. In contrast to the very high level of NPY overexpression seen in the figure 3 tumor,
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NPY staining in the figure 5 tumor corresponded to the second lowest quintile in the same
reference series (ACIS IHC quantitation), with minimal cytoplasmic staining.

We compared the pattern of tumor microvessels in the Figure 3 and Figure 5 prostate cancers
using CD34 staining (Figure 6). In the Figure 3 tumor, CD34 shows a microvasculature that
is relatively uniform in vessel diameter and spacing; in contrast, the Figure 5 tumor
microvasculature is highly heterogeneous in structure. The difference in the pattern of tumor
microvasculature is particularly evident in an image analysis of the vascular elements,
presented in Figure 6 as a microvascular atlas [29].

Discussion
The general ability to map genomic and proteomic expressions to in-vivo imaging information
opens the potential for new insights into disease characterization and a better understanding of
disease mechanisms. In turn, such new insights seem well suited for diseases like prostate
cancer that show heterogeneous clinical expression and that demand more specific information
upon which to base management decisions for an afflicted individual’s personalized
management. MRI and MRS offer a variety of ways to probe the in-vivo features of biologic
processes, including cancer.

One of the almost universal findings in MRS of tumors is the elevation of the composite
resonance assigned to the trimethyl group of choline containing compounds (for a review see
[17]). The spectral patterns observed on MRS of the prostate and their interpretations have
recently been reviewed by Rajesh et al. [30] . The relative level of the choline peak has been
shown to correlate with the Gleason grade of the tumor [31,32]. In spite of the importance of
this peak, it is still unclear as to what alterations in genetic expression leads to choline elevation
in prostate cancer. The lifetime of choline in the blood and its distribution in the body, as well
as its transport into the cells, are critical steps in the metabolic fate of choline. The transport
is the rate-limiting step for the synthesis of acetylcholine [33] and of PCho [34]. The
transporters of choline, as well as choline kinase isozymes, were recently characterized by
Eliyahu et al. [35] in normal and malignant mammary cells. In addition to two specific
transporters, (CHT1 and OCT2), choline kinase a was shown to be up-regulated in the
malignant transformation of breast tissue. Choline kinase a has been shown to be up-regulated
in prostate cancer [36], and the implications of this up-regulation for potential targeted therapies
has been discussed by Glunde and Bhujwalla [37]. In this light, it is interesting to point out
that both F-18 [38,39] and C-11 [40] labeled choline have been used in PET studies to visualize
primary prostate tumors. Since choline kinase a is one of the major enzymes that converts
choline to phosphocholine, it is reasonable to hypothesize that these radiotracers may be
probing its over-expression. The methods shown here provide a means for spatially correlating
the levels of over-expression of choline kinase a with the level of the choline resonance
observed on in vivo MRSI studies.

The induction of new blood vessels is a key event in the progression of a solid tumor as it grows
beyond 1–2 mm in diameter and can no longer depend on simple passive diffusion to provide
nutrients and clear toxic wastes (for a review see Folkman [41]). Both the outgrowth of new
blood vessels from established vessels (angiogenesis) and the formation of new microvessels
from circulating endothelial cells (vasculogenesis) can be co-opted by a cancer [42]. Tumor
induced blood vessel formation has proven to be a complex pathological event, and the early
hopes for anti-angiogenesis therapies have been tempered by the realization that cancers utilize
multiple molecular pathways to induce and remodel a vascular network. Model systems can
be used to selectively manipulate the formation, regression and maturation of tumor blood
vessels in order to identify the genetic pathways involved in these processes. However, it is
unclear how faithfully these models replicate the pathologies of human tumors. Assessments
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of angiogenic phenotypes using a variety of biomarkers are only beginning to be included into
the clinical assessments of a patient’s malignancy. There is great interest in developing,
validating and utilizing, non-invasive imaging technologies to replace these more invasive
tests.

Vascular endothelial growth factor (VEGF) is one of the most intensively studied angiogenic
factors in human cancers, and VEGF has generally been reported to be over-expressed in
prostate cancer relative to benign prostate tissue. Thus, it is reasonable to expect that most, if
not all, of the tumors that exhibit abnormal DCEMRI patterns would show over-expression of
VEGF. However, it has been reported that the levels of VEGF over-expression in primary
human prostate cancers are highly variable, both at the RNA and protein levels [43–46]. The
tissue print mapping techniques described in this paper have allowed us to undertake a detailed
analyses of gene expression patterns in low-VEGF, DCE-MRI positive prostate cancers to
determine which pathways were involved in the angiogenesis of these tumors. Interestingly,
one of the genes most highly over-expressed in the low-VEGF cancer shown in Figure 2 is
neuropeptide Y (NPY), which showed a 49-fold ratio tumor/benign on Gene Array. This high
level of NPY over-expression was confirmed by rt-PCR and immunohistochemistry. In our
ACIS IHC analysis of tissue microarrays that contain cores from progressively higher grades
of radical prostatectomy cancers, we observed NPY overexpression early in development of
this malignancy, with the most intense staining in a subset of cases that include approximately
15% of the Gleason 7 tumors. Rasiah et al (47) saw a similar pattern of expression in their
patient population, and noted that NPY overexpression could also be detected in high grade
PIN.

Although other groups have recongized NPY as one of many neuroendocrine markers that are
over-expressed in a subset of prostate cancers, the ramifications of its over-expression has not
yet been established [47,48]. In a number of experimental systems, NPY has been shown to
be a potent factor for stimulating angiogenesis in benign tissues [49–53]. Moreover, NPY can
act as a proangiogenesis factor in experimental models of two different neuroendocrine
cancers: neuroblastoma and Ewing’s sarcoma [54]. In addition to its direct proangiogenic
activity, it has been suggested that NPY can also modify the angiogenic response to VEGF
[55]. However, very few published studies have attempted a direct evaluation of NPY as an
angiogenic factor in naturally occurring human cancers. The significance of NPY over-
expression is that in model systems NPY produces micro vessels that appear to be more mature
and less “leaky” than those induced by VEGF [49,55]. In principle, DCEMRI should be able
to distinguish tumors with these more mature vessels from tumors with more leaky vessels.
For example, in the models commonly employed in the pharmacokinetic analyses of DCEMRI
results, e.g. the so called Tofts Model [56–58], the values of the parameter, Ktrans, should be
higher in tumors with leaky vessels. If this hypothesis were correct, there would be a non-
invasive way to identify high VEGF expressing tumors from high NPY expressing tumors.
DCEMRI could be used to identify patients who would respond to anti-angiogenic therapy
based on anti-VEGF approaches and also monitor changes in response to therapy.

In summary, the examples shown here indicate that it may be possible to map expression
profiles of proteins and enzymes that are upregulated in tumors with MRI/MRS related
parameters on a pixel-by-pixel basis. MR imaging data can be employed to direct tissue
sampling for genetic micro-array analysis to identify candidate genes for further
immunohistochemical studies. The advantage of the immunohistochemical studies using
fluorescence readouts is that they can provide quantitative spatial maps of protein expression
that can be directly related to the MRI/MRS results. This approach can be exploited to
determine whether the overexpression of a particular protein or enzyme results in measurable
change in a MRI/MRS parameter. For example, it is possible to determine whether the level
of total choline seen in the prostate cancer by MRS is correlated with the level of overexpression
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of choline kinase a or the levels of choline transporters, or both. Using this kind of approach,
it should be possible to determine which, if any, of the many MRI/MRS parameters that are
currently available are true biomarkers for characterization of the disease processes being
investigated.
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Figure 1.
Generating “whole mount” gene expression maps using the tissue print micropeel technique.
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Figure 2.
Spatial overlay maps showing results of RNA microarray and rt-PCR analysis for AMACR,
Choline kinase, NPY and VEGF. The color-coded maps derived from the analysis of DCEMRI
as well as the histopathology (H and E stain) are shown for spatial reference. Note the two
solid circles indicated in the tissue print grid that show the regions used for microarray analysis.
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Figure 3.
Immunohistochemical stains obtained using horseradish peroxidase readout of sections taken
from the bottom-middle section of the gland shown in Figure 2 as indicated above in the stained
sections. The tumor is outlined in black, a region showing chronic inflammatory changes is
shown in green. Note that these images are shown in the pathologist’s convention (real left,
right), whereas the images shown in Figure 2 are shown in the radiology convention, (patient
left, right). The subjective intensity of the stain is greatest for NPY and least for VEGF; these
visual impressions were confirmed by automated image analysis.
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Figure 4.
An immunofluorescence stained section showing NPY (middle) taken from the bottom-middle
section of the gland shown in Figure 2. The phase-contrast image is shown on the left. The
DAPI stain is shown on the right.
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Figure 5.
Immunohistochemical stains obtained using horseradish peroxidase readout of the prostate of
a patient with proven prostate cancer. The tumor is outlined in blue of the H and E stain in the
series of low magnification images showing an entire slice of the gland. The color-coded image
obtained from an analysis of the non-invasive DCEMRI sequence is shown on the left. The
red region indicated by the white arrow is the tumor. The yellow arrows are showing two BPH
nodules adjacent to the tumor. The intensity of VEGF and NPY expression shown in the high
magnification images reflects the same conditions of IHC staining as shown in the high
magnification images in Figure 3.
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Figure 6.
Contrasting Patterns of Tumor Microvasculature in the Prostate Cancers Shown in Figure 3
and Figure 5. CD34 IHC staining was used to visualize tumor microvessels. An image analysis
“atlas” of the microvessel elements highlight the difference between these two cancers, with
the more uniform pattern evident in the Figure 3 tumor being characteristic of a more “mature”
tumor vasculature.
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