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Abstract
Purpose: Prostate carcinoma consists of tumor epithelium and malignant stroma. Until recently,
diagnostic and therapeutic efforts have focused exclusively on targeting characteristics of the
tumor epithelium, ignoring opportunities to target inflammatory infiltrate and extracellular matrix
components. Prostate tumors are rich in tumor-associated macrophages (TAMs), which can be
either of the cytotoxic M1 or protumorigenic M2 phenotype. We have quantified the proportion of
each in seven common human prostate tumor lines grown subcutaneously in athymic nude mice
and have imaged macrophage densities in vivo in xenografts derived from these lines.
Procedures: A panel of seven human prostate cancer xenografts was generated in intact male
athymic nude mice reflecting variable expression of the androgen receptor (AR) and prostate-
specific membrane antigen (PSMA). Mice were imaged ex vivo using near-infrared fluorescence
(NIRF) imaging for PSMA expression and total macrophage densities to enable direct
comparison between the two. Tumors were harvested for sectioning and additional staining to
delineate M1 and M2 phenotype along with vascular density.
Results: Macrophage polarization analysis of sections revealed that all xenografts were 9 94%
M2 phenotype, and the few M1-polarized macrophages present were confined to the periphery.
Xenografts displaying the fastest growth were associated with the highest densities of
macrophages while the slowest growing tumors were characterized by focal, tumor-infiltrating
macrophage densities. Xenograft sections displayed a strong positive spatial relationship
between macrophages, vasculature, and PSMA expression.
Conclusions: Prostate TAM disposition can be imaged ex vivo and is associated with growth
characteristics of a variety of tumor subtypes regardless of PSMA or AR expression.
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Introduction
Prostate cancer (PC) is the most frequently diagnosed
noncutaneous cancer and the second leading cause of
cancer-related death in men, representing a predicted
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164,690 new cases and 29,430 deaths in 2017 [1]. Much
progress has been made in the detection of PC, especially
with widespread prostate-specific antigen (PSA) testing,
which has led to a dramatic rise in identification of local,
early stage PC. Mortality rates have been correlatively
reduced with PSA testing, although the PSA test has been
criticized regarding specificity and sensitivity [2, 3]. It has
recently been recognized that positive PSA test results in
men later diagnosed with indolent PC have led to overtreat-
ment [4–6]. Accordingly, more accurate ways to distinguish
indolent from aggressive PC are needed to suggest appro-
priate and precise treatment options.

PC is comprised of both tumor and stromal cells, the
latter of which can promote the malignant phenotype [7, 8].
To date, efforts at detection of PC in patients have focused
almost exclusively on imaging malignant epithelium rather
than on the stromal cell component by accessing a variety of
targets including the prostate-specific membrane antigen
(PSMA) [9, 10], gastrin releasing peptide receptor (GRPR)
[11, 12], somatostatin receptors [13], metabolic choline
uptake [14], and amino acid transporters using fluciclovine
[15] and positron emission tomography (PET). The corre-
sponding imaging agents for each of those targets are fraught
with problems related to lack of sensitivity and/or specific-
ity. For example, imaging with radiotracers targeting PSMA
demonstrates high specificity, but sensitivity ranging from
33 to 66 % when compared against the gold standard of
histopathology [16]. Evidence shows that PSMA imaging
may be correlated with the aggressiveness of the tumor
detected [17]. New targets are needed for more sensitive
detection and which may concurrently inform the biology of
the tumor—such as its likelihood to metastasize. The
inflammatory cellular component of malignant tissues,
specifically tumor-associated macrophages (TAMs), are an
integral component of all prostate tumors, regardless of
PSMA expression, and represent a new target that may
enable sensitive, biologically relevant imaging.

TAMs are positively associated with progression and poor
outcome in a number of malignancies [18], including prostate
cancer [19–21]. Macrophages of the M2 phenotype predom-
inate over M1 macrophages within malignant lesions. M2
macrophages are associated with wound repair, neovasculari-
zation, immunosuppression, and tumor augmentation [22–24]
while M1 macrophages are characterized by cytotoxic release
of free radicals and tumor suppression. TAMs are present
largely at the periphery of tumors and within vascular beds
while tumor-infiltrating macrophages (TIMs) are distributed
throughout the tumor and are associated with better prognosis
in a number of solid tumor types [25, 26]. The distribution of
M1 and M2 macrophage densities within PC tumors and
specifically within experimental models of PC has not been
reported and is the subject of this work. The low molecular
weight pyrazolopyrimidines, iodo-DPA-713, and DPA-713-
IRDye680LT have previously been shown to target macro-
phages specifically in vivo in preclinical models [27, 28]. Here,
we probe macrophage density and spatial distribution using

DPA-713-IRDye800CW and near-infrared fluorescence
(NIRF) imaging in a panel of experimental models of PC
derived from frequently used PC cell lines. We also evaluated
the distribution of TAMs within the tumors in relation to
PSMA expression and the location of neovasculature and
related these parameters to each other and to androgen receptor
(AR) expression in an effort to uncover a biomarker related to
stroma that may report on the overall malignant potential of the
tumor.

Materials and Methods

Cell Lines

C4-2, PC3, DU145, and LAPC-4 cell lines were obtained
from the American Type Culture Collection (ATCC,
Rockville, MD). PSMA+ PC3-PIP, PSMA− PC3-flu, and
JHU-LNCaP-SM cells were cultured as previously described
[29, 30]. All other cell lines were grown in RPMI 1640
media (Mediatech, Manassas, VA) containing 10 % fetal
bovine serum (Sigma, St. Louis, MO) and 100 U penicillin/
streptomycin antibiotic solution (Mediatech) with the excep-
tion of LAPC-4, which was grown in IMDM (Mediatech)
with supplements as listed above in addition to containing
1 nM R1881 (Sigma). The cells were subcultured at very
low passage in Corning uncoated filter top polystyrene
flasks (Sigma) and were maintained at 37 °C in 5 % CO2 in
humidified air. Cells were typically split at 80 % confluence
using 0.05 % trypsin (Sigma) in calcium-free Hank’s
Buffered Salt Solution (Sigma).

Xenograft Models

Animal studies were performed under protocols approved by
the Animal Care and Use Committee at Johns Hopkins
University. Six-to-eight-week-old male athymic nude mice
(NCRNU-M, Taconic, Hudson, NY) were kept in a specific
pathogen-free facility under a 12-h day/night cycle with
access to standard chow (Teklad 8604 Rodent Diet, Harlan
Laboratories, Frederick, MD) and water ad libitum. Mice
(n ≥ 3/group) were subcutaneously implanted in the upper
left and right axillary flanks with 2 × 106 cells/site for each
cell line (except LAPC-4 which utilized 4 × 106 cells/site) in
50 μl of Hank’s Buffered Salt Solution (Beckton-Dickenson,
Franklin Lakes, NJ). JHU-LNCaP-SM and LAPC-4 cells
were inoculated 1:1 (v:v) with Matrigel® (Sigma) in Hank’s
Buffered Salt Solution. A 60-day slow release testosterone
pellet (Innovative Research of America, Sarasota, FL) was
subcutaneously implanted in the mid-dorsal flank of the
LAPC-4 xenograft models at the time of engraftment. Once
tumors reached approximately 1000 mm2, they were excised
and immediately imaged, enabling comparison of tumor
dimensions with time needed to reach those dimensions.
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Ex vivo NIRF Imaging

When tumor xenografts reached approximately 4–6 mm in
diameter, 1 nmol of YC-XI-46-Cy5.5 (PSMA-specific, [31])
and 8 nmol of DPA-713-IRDye800CW (US 20150044141
A1) (macrophage-specific) agents were co-injected intrave-
nously in PBS, pH 7.5. At 24 h post-injection, the animals
were euthanized by isoflurane-anesthetized cervical disloca-
tion and dissected to expose completely the subcutaneous
flank tumors in context with the rest of the ventral body. The
carcasses were then photographed using the visible, 680/710
and 790/800 nm excitation/emission filters using a Pearl
Impulse Small Animal Imager (LI-COR, Lincoln, NE).
Images were processed and displayed using the manufac-
turer’s software (Pearl Impulse Software, v. 2.0). Color bars
represent relative optical units.

Tumor xenografts and selected lymph nodes were
harvested and immediately frozen over dry ice and stored
at − 80 °C until sectioning to 20 μm thicknesses using a
Microm® HM 550 cryotome (Thermo Scientific, Waldorf,
Germany) and adhered to charged glass slides (VWR,
Radnor, PA). As indicated, some tissue sections containing
either co-injected YC-XI-46-Cy5.5 and DPA-713-
IRDye800CW, or sections devoid of injected agents and
subsequently probed with anti-CD68-IRDye680RD and anti-
CD206-IRDye800CW, were scanned using the same chan-
nels as above, minus visible light, using a Li-COR Odyssey
scanner. Images were displayed and analyzed using the
Odyssey v. 3.0 software (LI-COR). Fluorescent anti-CD68
(Abcam, Cambridge, UK, ab53444) and anti-CD206
(Abcam, ab64693) were labeled as follows: 100 μg of each
antibody was dissolved in 100 μl of PBS, pH 7.4 in a
microcentrifuge tube. One microliter of a stock solution of
IRDye680RD or IRDye800CW, as indicated, (50 mg/mL in
DMSO, LI-COR Biosciences, Lincoln, NE) was then added
to the antibody solution and the labeling reaction proceeded
at ambient temperature for 12 min. Unincorporated dye was
removed using Sephadex G-25 size exclusion columns.
Antibody purity was tested using Whatman 60 Å silica thin
layer chromatography (Sigma-Aldrich) developed in aceto-
nitrile with UV detection (radiochemical purity ≥ 95 %).

Histopathology and Multispectral
Immunoepifluorescence

A subset of the collected tissues were fixed in formalin,
embedded in paraffin and sectioned to 4 μm onto charged
glass slides, and hematoxylin and eosin (H&E) stains were
performed according to the manufacturer’s protocol (BBC
Biochemical, Washington, DC). Frozen sections were
equilibrated at ambient temperature for 10 min and then
rinsed briefly in acetone prior to washing twice in PBS for
5 min. The sections were then co-probed over 1 h at ambient
temperature with rat anti-CD68 (Abcam, ab53444), mouse
anti-PSMA (Abcam, ab66912), and rat anti-CD31

conjugated to phycoerythrin (PE) (Abcam, ab25644). All
antibodies were used at 14 μg/mL in PBS, pH 7.5 containing
10 % fetal bovine serum (FBS, Gibco, Grand Island, NY).
Slides were then washed twice in PBS for 5 min and anti-
CD68 was detected using anti-rat-FITC (Invitrogen; 1:200)
and anti-PSMA detected with anti-mouse AlexaFluor® 680
(Invitrogen; 1:200) secondary antibodies for 30 min at
ambient temperature. Slides were then incubated with
Hoechst 33342 for 1.5 min (Invitrogen; 1:1000 in PBS)
and subsequently washed twice in PBS for 5 min followed
by mounting with aqueous mounting medium (Dako,
Carpenteria, CA) and a cover-slip. The slides were viewed
using a Nikon 80i upright microscope (Nikon Instruments,
Melville, NY) equipped with a Nikon DS-Qi1Mc darkfield
CCD camera and images were processed using the Nikon
Basic Elements Imaging Software. Quantification of M1 and
M2 macrophages was accomplished using a LI-COR
Biosciences Odyssey scanner with the manufacturer’s
software performing whole mount pixel counting in each
relevant channel over four sections per tumor type. Two
tumors were used from each tumor type for counting.

Results
Accumulation of DPA-713-IRDye800CW Is Posi-
tively Correlated with TAM Densities and Tumor
Xenograft Growth Rate

We evaluated the ability of DPA-713-IRDye800CW to
detect TAM densities in vivo and ex vivo within a range of
prostate tumor xenografts reflecting divergent AR and
PSMA expression status (Table 1). PC3 [AR-, androgen
insensitive (AI) and PSMA-]; PC3-PIP (AR-, AI and
PSMAhigh); PC3-flu (AR-, AI and PSMA-); DU145 (AR-,
AI and PSMA-); LAPC-4 (AR+, AShigh and PSMA+); C4–2
(ARmut+, AI and PSMA+); and JHU-LNCaP-SM [32]
(ARmut+, AI and PSMA+) were used. All seven tumor
xenografts exhibited high contrast uptake of the imaging
agent within a background of surrounding healthy tissues
and were readily visualized regardless of AR expression or
sensitivity (Fig. 1). The intensity and spatial distribution of
DPA-713-IRDye800CW uptake within tumor showed a
trend of increased total DPA-713-IRDye800CW uptake
within faster growing tumors (Fig. 1, top panels) while
slower growing tumors contained less imaging agent and
demonstrated a more punctate pattern (Fig. 1, lower panels).
Both adjacent and distant enlarged and inflamed lymph
nodes could also be visualized by DPA-713-IRDye800CW
(Fig. 1, yellow arrows). There was also presence of the
imaging agent within liver and the urinary tract due to
metabolism and clearance (Fig. 1L, U). YC-XI-46-Cy5.5, a
fluorescent imaging agent specific for PSMA [31], readily
identified tumor xenografts expressing PSMA while DPA-
713-IRDye800CW exhibited high contrast from TAM
densities present in all xenograft lines regardless of PSMA
expression status (Fig. 2).
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The Spatial Localization of DPA-713-
IRDye800CW Uptake in Tumor Xenograft Lines
Correlates with Tumor Growth Rate

DPA-713-IRDye800CW displayed a distinct and varied
uptake pattern within tumor xenografts according to cell
line and growth rate (Fig. 3). Faster growing tumors (2 × 106

inoculated cells to 4–6 mm diameter xenograft in ≤ 2 weeks:
PC3, PC3-flu, and PC3-PIP) displayed probe uptake mostly
at the tumor rim while the slower growing, less aggressive

tumor types (2–4 × 106 inoculated cells to 4–6 mm diameter
xenograft in 3–8 weeks, respectively: C4-2 and LAPC-4)
displayed DPA-713-IRDye800CW uptake in a discrete,
focal pattern within the tumor parenchyma. The two tumors
observed to have intermediate growth (size) (JHU-LNCaP-
SM and DU145) displayed probe uptake that distributed
both at the tumor rim and within the parenchyma. Overlay
with YC-XI-46-Cy5.5 (PSMA, green) revealed a non-
overlapping distribution pattern among PSMA-expressing
tumors, indicating both epidermal and stromal localization of

Table 1. Cell lines, androgen receptor status, PSMA expression, and tumor growth

Cell line Androgen receptor status PSMA expression Xenograft growth rate

PC-3 Negative Negative Rapid
PC-3 PIP Negative High Rapid
PC-3 flu Negative Negative Rapid
DU145 Negative Negative Moderate
LAPC4 Positive, WT, AS Moderate Moderate
JHU-LNCaP-SM Positive, mutant, AI Low Moderate
C4-2 positive, mutant, AI High Moderate

WT wild-type, AS androgen sensitive, AI androgen independent

Fig. 1. Macrophage-specific DPA-713-IRDye800CW accumulation in tumor xenografts is proportional to tumor growth rate.
Seven different subcutaneous xenograft models were generated in intact male athymic nude mice and were injected with an
identical quantity of fluorescent probe. Images are normalized to the same exposure time and reveal relative macrophage
densities according to both tumor lineage and xenograft size. Uptake of fluorescent probe is also observed in the brachial,
axillary, and superficial cervical lymph nodes (yellow arrows), while the liver (L) and urinary tract (U) represent metabolic
clearance. Post-inoculation (p.i) represents time from tumor cell inoculation to time of imaging. A scale bar represents relative
fluorescence units. Images were obtained at 24 h after injection of DPA-713-IRDye800CW.
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TAMs. Additionally, a weak signal observed from YC-XI-
46-Cy5.5 (Fig. 3, blue) in PSMA non-expressing tumors
(PC3 lines, DU145) suggested the presence of PSMA+
neovasculature [33], which strongly colocalized with DPA-
713-IRDye800CW distribution largely at the tumor rim.

Tumor Infiltrating Macrophages Are Almost
Entirely of the M2 Phenotype

Whole mount xenograft tumor sections from each cell line
were probed with both anti-CD68 antibody (pan-
macrophage) and anti-CD206 antibody (M2 phenotype)
[34] to delineate total and M2 phenotype macrophages
across representative tumor xenograft sections (Fig. 4a–c).
94–100 % of cells in the tumor parenchyma in each tumor
line that stained positive for CD68 also stained positive for
CD206 (Fig. 4d), indicating nearly universal polarization of

TAMs to the alternatively activated M2, protumor
phenotype.

Macrophages and PSMA+ Epithelium Are
Spatially Associated with Tumor Vasculature

The xenograft microenvironment in each tumor type was
further characterized for spatial distributions of CD68
expressing macrophages and PSMA-expressing cells relative
to CD31, which is a marker of endothelial vasculature.
Within all seven xenograft types, macrophages were closely
associated with blood vessels (Fig. 5) with the majority of
macrophages located within 60 μm of CD31 positive
vasculature. PSMA expression was also observed to be
enriched adjacent to sites of vascularization in addition to
lower basal expression observed throughout the tumor
parenchyma (Fig. 5 and Suppl. Figs. 2–8 (in Electronic

Fig. 2. Macrophage density and spatial location are readily detected in all tumor xenografts regardless of PSMA expression.
All seven xenograft models were concurrently imaged using NIRF for macrophage densities (DPA-713-IRDye800CW) and
PSMA expression (YC-IX-46). All PSMA-expressing tumors were readily detected with the PSMA-specific probe while all
xenograft types were delineated using the macrophage-specific fluorescent probe. Post-inoculation (p.i) represents time from
tumor graft inoculation to time of imaging. L, liver and U, urinary bladder, both of which display metabolic clearance of probes.
YC-IX-46 intensity is normalized to the same exposure time while DPA-713-IRDye800CW intensity is normalized to liver
intensity in all mice.
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Supplementary Material) showing each pseudocolor channel
separately).

Discussion
We report the distribution of macrophages in seven common
human prostate tumor lines grown subcutaneously in male
athymic nude mice. The cell lines chosen reflect different
AR status and sensitivity, PSMA expression, and PSA
expression, three biomarkers currently used to predict
aggressiveness [35, 36]. DPA-713-IRDye800CW is a red-
shifted fluorescent analog of DPA-713-IRDye680LT, spe-
cific for CD68-expressing phagocytic cells and has been
used to detect macrophage densities in mice engrafted with
the abovementioned PC cell lines [27, 28, 37]. In summary,
in vivo DPA-713-IRDye800CW accumulation was propor-
tional to xenograft growth rate, the amount of time
xenografts took to reach ~ 1000 mm3 [38], in mice. DPA-

713-IRDye800CW detected all xenografts regardless of
PSMA expression. The spatial localization of DPA-713-
IRDye800CW deposition correlated to tumor growth rate.
Greater than 94 % of all TAMs in xenograft sections were of
the M2 phenotype and immunofluorescence microscopy
revealed that macrophages were closely associated with
vasculature and PSMA-expressing epithelium in all tumors.

In normal human prostate cells PSMA is expressed and
localized in the cytoplasm and apical side of the epithelium
[39]. During neoplastic transformation, PSMA transfers
from the apical membrane to the luminal surface of the
ducts [40]. Additionally, PSMA expression levels increase
according to the stage and Gleason grade of the lesion [41,
42]. Those biological characteristics make PSMA an
attractive target for theranostics targeting prostate cancer.
Although the majority of prostate adenocarcinomas, includ-
ing primary and lymph node metastatic lesions, express
PSMA, an early report indicated that nearly 60 % of bone

Fig. 3. Localization of macrophage density correlates with tumor growth rate. Whole mount tumor sections derived from Fig. 2
were imaged ex vivo with residual DPA-713-IRDye800CW (Mφ) and YC-IX-46 (PSMA). Macrophage density was primarily
localized to either the tumor capsule (fast growing tumors) or distributed as inclusions within the tumor parenchyma (slower
growing tumors) or a combination (JHU-LNCaP-SM). PSMA expression was found to be evenly distributed in all PSMA+ tumors
except for JHU-SM-LNCaP. Low-intensity PSMA expression was detected (blue) primarily in the peritumoral rim of PSMA-null
tumor lines and colocalized with signal from the macrophage probe, suggesting the presence of PSMA+ neovasculature. All
images are scaled separately for each probe to highlight spatial localization of macrophage density and PSMA expression in
each tumor section. NB: the YC-IX-46 intensity was overly enhanced for the PSMA-expressing tumor types to show low PSMA
expression in tumor neovascularization and the brightfield image of the PC3 tumor is not the same tumor that was
subsequently characterized.
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metastatic lesions did not demonstrate substantial PSMA
expression [42]. In the current study, we found that DPA-
713-IRDye800CW detected all tumors regardless of PSMA
expression. That is important due to the fact that over 8 % of
human prostatic adenocarcinomas do not express PSMA but
still have an unfavorable prognosis on par with patients
harboring PSMA-expressing lesions [43, 44]. Additionally,
current noninvasive methods to detect PSMA-expressing
tumors range in sensitivity from 10 to 99 %, depending on
tissue location, imaging agent, and modality [45–47]. Small
cell carcinomas of the prostate, originating from neuroendo-
crine stem cells, also do not express PSMA, and these
tumors have no tissue-specific surface-accessible biomarkers
[48].

TAMs can be detected in all PC and increased density of
TAMs is also associated with poor prognosis [49].
Gollapudi, et al. stained for CD68, a TAM marker, in
prostatectomy specimens from 332 patients and found that
the mean TAM number was higher in higher grade PC [20].
Lanciotti, et al. reported that 63.4 % of all patients showed
an M2 phenotypic prevalence and patients with a higher

density of TAMs had a worse prognosis. In that instance, a
predominant M2 phenotype was associated with tumor
extension [19]. Accordingly, TAMs and PSMA are both
associated with progression of PC [50]. However, the
biological relationship between PSMA expression and
TAM infiltration has not been elucidated. Data exist
showing pro-inflammatory signaling by PSMA through
MAPK pathways in cancer cells to generate pro-
inflammatory cytokines [51], which recruit and phenotypi-
cally influence leukocytes. Our results revealed that TAMs
were closely associated with new vasculature in all tumor
xenografts as well as having displayed a tropism toward
PSMA-expressing epithelium in xenografts with both ho-
mogeneous and heterogeneous expression of PSMA.

TAMs which are abundantly found in prostate cancer
[19] can create an immunosuppressive tumor microenviron-
ment reducing the therapeutic efficacy of checkpoint
therapies, such as anti-CTLA-4 and anti-PD-1/PD-L1 anti-
bodies through suppression of effector T cell activation [52].
Furthermore, cancer stem cells (CSCs) have been associated
with resistance to androgen deprivation therapy and PC

Fig. 4. Macrophages in the tumor parenchyma display a mostly M2 phenotype. Whole mount tumor xenograft sections were
stained for a anti-CD68 antibody (pan-macrophage, green) and b anti-CD206 (M2 Mφ marker in red) with c an overlay shown. d
Analysis software was used to separate the channels for each antibody and quantitate intensities. All xenograft types display
between 94 and 100 % of an M2 phenotype in the tumor parenchyma. Error bars represent standard deviation among the
average of the sections counted.
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progression through recruitment of monocytes and polariza-
tion to TAMs [53]. Thus, imaging modalities targeting
TAMs, such as [124I]iodo-DPA-713 PET have promising
potential to help identify higher probability of success in
these therapies in high TAMs burden cases.

Because of the abovementioned clinical significance of
identifying TAMs, a variety of imaging agents has been
developed to detect TAMs in vivo using different
preclinical cancer models. Macrophage mannose receptor
(MMR; CD206) is commonly used as a target for mature
macrophages. Sun, et al. conjugated anti-mouse CD206
antibody with DyLight680 to generate a CD206-targeting
NIRF agent (dye-anti-CD206) and their results demon-
strated that NIRF imaging using this agent would allow
noninvasive visualization of TIMs in vivo in a breast
cancer mouse model [54]. Movahedi, et al. developed Tc-
99 m labeled anti-CD206 nanobodies to imaging TAMs in
solid tumor models by using single-photon emission
computed tomography [55]. In addition, different nano-
particles were also investigated for TAM-targeted imaging
[56, 57]. Pérez-Medina, et al. described the development
of reconstituted high-density lipoprotein (rHDL)-facili-
tated TAM PET imaging in a breast cancer model [57].
We report here a readily translatable (via analogous
[124I]iodo-DPA-713 PET) targeted imaging agent for
TAMs in experimental models of human prostate cancer
using a small-molecule NIRF probe. Compared with
antibodies and nanoparticles, DPA-713 analogs are
targeted only toward cells of macrophage lineage, are
cleared quickly from the bloodstream, have low antigenic

potential and display low background activity including
low healthy liver uptake [58].

Conclusion
DPA-713-IRDye800CW was universally retained by all
PC xenografts tested in vivo regardless of PSMA or AR
expression and this retention reflected selective trapping
by CD68-expressing phagocytes. TAM accumulation was
highest near epithelial and presumptive endothelial [33,
44, 59] tumor PSMA expression, especially at sites of
vascular sprouting. Macrophage imaging with analogs of
DPA-713 may help identify all solid PC, characterize
their inflammatory phenotype, and possibly delineate
rapid from slower growing disease.
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arrows) were closely associated with CD31 in all xenografts types. PSMA+ cells were also enriched at sites of CD31+
vasculature the parenchymal epithelium within PSMA+ tumor xenografts. Scale bar = 50 μm.
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