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Abstract
• To test whether multiphoton microscopy (MPM) might allow identification of prostatic

and periprostatic structures with magnification and resolution similar to gold standard
histopathology.

• The present study included 95 robotic radical prostatectomy patients who consented to
participate in an Institutional Review Board-approved study starting in 2007.

• The types of specimens used for imaging were excised surgical margins and biopsies, and
sections obtained from the excised prostate.

• The specimens were imaged with a custom-built MPM system.

• All images were compared with haematoxylin/eosin histopathology of the same
specimen.

• MPM of freshly excised, unprocessed and unstained tissue can identify all relevant
prostatic and periprostatic structures, such as nerves, blood vessels, capsule, underlying
acini and also pathological changes, including prostate cancer.

• Histological confirmation and correlation of these structures and pathologies have
validated the findings of MPM.

• MPM shows great promise as a tool for real-time intra-surgical histopathology without
needing excision or administration of contrast agents.

• The results will, however, need to be confirmed in true surgical settings using a
miniaturized MPM microendoscope.

Correspondence: Dr Ashutosh K. Tewari, Department of Urology, Suite Starr 900, Weill Cornell Medical College, 525 East 68th
Street, New York, NY 10065, USA (ashtewarimd@gmail.com); Dr Sushmita Mukherjee, Department of Biochemistry, Room E
00.02, Weill Cornell Medical College, 1300 York Ave., New York, NY 10065, USA (smukherj@med.cornell.edu).
*Drs Tewari and Mukherjee contributed equally to the study.
CONFLICT OF INTEREST: Drs Mukherjee, Tewari and Zipfel have collaborative projects with a commercial entity, Laser Biopsy
Inc., which plans to commercialize automated benchtop Multiphoton microscopes for use in the operating and procedure rooms.

NIH Public Access
Author Manuscript
BJU Int. Author manuscript; available in PMC 2012 November 1.

Published in final edited form as:
BJU Int. 2011 November ; 108(9): 1421–1429. doi:10.1111/j.1464-410X.2011.10169.x.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
robotic prostatectomy; multiphoton microscopy; prostate cancer; nerve sparing; histopathology;
real-time imaging

Introduction
Prostate cancer is the most common male cancer, claiming almost 27 000 lives annually [1].
When confined to the gland, it can be successfully treated by surgical removal of the organ,
a procedure termed radical prostatectomy, which is performed in 70 000 patients in the US
every year. The success of this surgery is judged by three measures: complete removal of the
cancer-harbouring glands; preservation of nerves that control sexual function; and
preservation of sphincteric structures, which maintain urinary control.

Anatomically, the prostate gland is surrounded by a fibrous capsule, with a thickness that
varies substantially between different parts of the gland. This incomplete capsule is
surrounded, in turn, by a multi-layered, anatomically complex fascia that contains fat cells
intermingled with loose areolar tissue, autonomic ganglia, a neural plexus, nerve trunks,
arteries and veins. This fascia adheres to the capsule and is pierced by vessels and nerves.
Both the erectile nerve, which has a variable branching pattern, and the sphincteric sling, are
intermingled with the fascial fat, connective tissue and blood vessels [2].

Cancer cells sometimes migrate beyond the gland and either involve the surrounding nerves
or grow into the sphincter – a phenomenon termed extra-prostatic extension (EPE). Since
these nerves and any clusters of cancer cells are too small to be visualized by eye or using
the ×10–12 magnification of the stereoscope of a surgical robot, the competing goals of
cancer extirpation versus preservation of potency and continence have to be balanced during
surgery [2]. Surgeons make judgments based on information that includes pre-surgical PSA
levels, MRI results, DRE results and intra-surgical subjective cues such as colour changes,
fibrosis and ease of separating the different fascial layers. One option for more detailed
feedback, intraoperative frozen sections, takes time, could damage the delicate structures
one is trying to save, and suffers from sampling errors. As a result, the current methods for
discriminating between EPE and the tissues that need to be preserved during surgery are
imprecise and have an impact on the outcomes of this surgery.

Indeed, this inability to identify cancerous cells and their association with nerves can result
in incomplete removal of cancer, resulting in positive surgical margins (10–40% occurrence)
[3–6], postoperative impotence due to damage to, or excision of, these nerves (25–70%) [7–
11], or both positive margins and an impotent patient. It has been estimated that half the
patients who undergo radical prostatectomy require postoperative treatment for erectile
dysfunction. In addition to causing psychological and quality-of-life compromises, these
complications exact a staggering financial cost on the US health care system. At a rate of US
$10 000–20 000 per patient per year spent on doctors' office visits, oral medications,
vacuum pumps, intra-cavernous injections and secondary surgeries, this costs the US health
care system $350–700 million every year. In addition, certain patients are excluded as
candidates for nerve-sparing surgery based on the less-than-optimal preoperative
assessments, and thus could be denied a chance for a better postoperative quality of life.

In summary, access to high-resolution, high-contrast live imaging of the prostatic capsule,
apex, sphincter and the surrounding nerves and tissues would improve surgical decision-
making and patient outcomes, and reduce the emotional and financial impact of post-
surgical complications.
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One potential solution is a novel non-linear optical imaging technology: multiphoton
microscopy (MPM) [12–14]. MPM relies on the simultaneous absorption of two (or three)
low-energy (near-infrared) photons to cause a non-linear excitation, which greatly reduces
the potential for cellular damage. Excitation only occurs where there is sufficient photon
density (at the point of laser focus), providing intrinsic optical sectioning with a resolution
equivalent to traditional confocal microscopy. Tissue penetration is greater than standard
confocal microscopy because absorption and scattering are greatly reduced at near-infrared
wavelengths compared with the visible or ultraviolet spectrum.

Most importantly, by utilizing two-photon excitation in the 700–800 nm range, MPM
enables the imaging of fresh, living, unprocessed and unstained tissue by utilizing intrinsic
tissue emissions (ITEs). The ITE signal is composed of two components: tissue
autofluorescence, in part from nicotinamide adenine dinucleotide (NADH) and flavin
adenine dinucleotide (FAD) in cells, elastin in the connective tissue, and lipofuscin in fat
and other cells; and second harmonic generation (SHG), which arises from non-
centrosymmetric structures such as tissue collagen [12–14]. We and others have shown that
MPM/ITE imaging is capable of generating distinctive optical signals that enable imaging of
animal [13] and human [15–17] tissues at sub-micron resolution in three dimensions to a
depth of up to 0.5 mm; at image acquisition rates of ≈ one image/second, with >105 pixels
per image.

While the miniaturization of MPM for integration with robotic surgical equipment is
currently in progress, we have carried out a prospective study to assess the feasibility of
using MPM/ITE for structure identification in excised prostatic and periprostatic tissue. In
all cases, the MPM findings were confirmed by comparison with gold standard
haematoxylin/eosin (H&E)-stained histopathology.

Specimens were obtained from consenting subjects undergoing robotic radical
prostatectomy at Weill Cornell Medical College with Dr Tewari, in a protocol approved by
the Institutional Review Board. Samples included periprostatic tissue, specifically surgical
margins containing the lateral pelvic fascia (LPF), as well as the prostatic acini, in the form
of either biopsies or sections of the gland. In LPF specimens, we confirm our ability to
identify its components, such as nerves, arteries, fat and connective tissue, as well as sites of
local inflammation. These structures are the ones that must be identified during surgery. In
the excised specimens (biopsies or sections), we identify the prostatic acini, the surrounding
stroma, and the prostatic capsule. Architectural changes in malignant transformation are
used during histopathology to determine tumour grade (Gleason grade), and hence the
aggressiveness, of the cancer. We show here that MPM/ITE can provide such architectural
information.

Material and Methods
The present study included 95 robotic radical prostatectomy patients who agreed to
participate in an Institutional Review Board-approved study starting in 2007.

Two types of specimens were used for MPM imaging: excised surgical margins and
biopsies; and sections obtained from the excised prostate. The former specimens were
brought to the multiphoton facility immediately after excision. In the latter case, prostates
removed by radical prostatectomy were taken immediately to the Department of Surgical
Pathology, where the specimen surfaces were inked as per institutional protocol, and then
the specimen was sliced in roughly 0.5-cm sections. Sections chosen by a urology fellow
with the assistance of a uropathologist, based on expected pathology, were then brought to
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the multiphoton facility. In either case, the tissue specimens were placed in normal saline on
ice for transport, and imaged at room temperature with a MPM.

If necessary, the specimen was stabilized at the best orientation using non-toxic modelling
clay, and a coverslip was placed on top to avoid adhesion of the specimen to the water
immersion objective due to capillary action. Once oriented, the specimen was imaged using
a custom-built MPM imaging system consisting of an Olympus BX61 upright microscope
(Olympus America Inc., Center Valley, PA, USA) and a modified Bio-Rad 1024 scanhead
(Bio-Rad Laboratories, Hercules, CA, USA) with near-infrared optics and a three-channel
external detection system. The specimens were excited using a tunable Ti-Sapphire laser
(Mai Tai HP, Spectra-Physics Lasers, Newport Corp., Irvine, CA, USA), tuned to 780 nm.
The laser intensity control and fly-back blanking were provided by a Pockels Cell (Model
350-80 LABK, Conoptics Inc., Danbury, CT, USA), and consistently kept at or below 60–80
mW in the sample plane. No substantial tissue damage was observed either during imaging
or in the histopathology slides later prepared from the imaged specimens.

Images were collected in either two or three channels (each channel used a blue sensitive
Bialkali photomultiplier tube: Model R1924, Hamamatsu Photonics, Bridgewater, NJ). For
two-channel imaging, the signals collected were as follows: an SHG signal centred at 390
nm (± 35 nm); and a short-wavelength autofluorescence between 420 and 530 nm. In the
case of three-channel detection, the first two channels were identical to the ones described
earlier, and an additional detector was used to collect long-wavelength autofluorescence
(530–650 nm).

Images were acquired at several magnifications: low magnification for obtaining overall
architectural information [×4, 0.28 numerical aperture (NA) dry objective, imaging 3 mm2

frames at 6 μm/pixel resolution]; intermediate magnification (×10, 0.4 NA dry objective,
imaging 1228 μm2 frames at 2.4 μm/pixel resolution); and high magnification for obtaining
detailed cellular and local architectural information (×20, 0.95 NA water-immersion
objective, imaging 614 μm2 frames at 1.2 μm/pixel resolution). Higher digital zooms were
used to increase magnification, if necessary. When imaging with the ×20 water immersion
objective, a drop of normal saline was placed on the coverslip to achieve water immersion.
All images were obtained as stacks of optical sections that extended through the entire depth
of the specimen that produced reasonable signal. All image acquisition was carried out with
LaserSharp 2000 software from Bio-Rad.

Greyscale images from LaserSharp 2000 were transferred to MetaMorph v7.0r4 (Molecular
Devices, Sunnyvale, CA, USA), where they were colour-coded and merged. They were
processed minimally (adjustment of brightness and contrast, Gaussian filtering to remove
single pixel noise, placement of scale bars and cropping, if appropriate) using Adobe
Photoshop CS3 (San Jose, CA, USA).

For all specimens, MPM/ITE imaging time was kept under an hour, at which time the
specimen was returned to the Department of Surgical Pathology. For excised surgical
margins and biopsies, the specimens were processed for routine histopathology (formalin
fixation, embedding, sectioning and staining). Sections obtained from the excised prostate
were immediately frozen and a portion sectioned further to prepare H&E-stained slides. The
rest of the specimen was kept frozen and, after clinical diagnosis, was released to the
prostate cancer tissue bank. This section is banked frozen and is available for further
analysis in the future.

All slides from H&E staining were compared with the corresponding MPM images by
genitourinary pathologists (MAR, MMS). In some cases, we enhanced our structure
identification by using specific stains, such as Weigert's stain to identify elastin.

Tewari et al. Page 4

BJU Int. Author manuscript; available in PMC 2012 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Results
Identification of relevant features in the periprostatic space and on the prostate surface

The human prostate is surrounded by a multi-layered fascial covering, which is composed of
collagen, fat and smooth muscle. Vessels (both arteries and veins) of varying size and nerves
and ganglion cells are interposed between the capsule and fascial layer. In Figure 1A, we
show a low-magnification MPM image of a region of surgically excised LPF; Figure 1B
shows an image from a histopathology slide prepared from the same specimen. At this low
magnification, salient histological features (a, artery; b, loose connective tissue; and c, fat)
are clearly visible. Figures 1C and 1D show low-magnification images of the lateral pelvic
fascia with a coiled nerve and an artery, respectively (arrows). Note that the lumen of the
artery (dark, non-fluorescent central space) is clearly visible in the optical section shown in
Figure 1D. This enables arteries to be distinguished from nerves, as the latter do not have a
lumen. Figure 1C also shows clearly distinguishable signals from collagen (SHG, red; small
arrowhead) and elastin (autofluorescence, green; large arrowhead) in the connective tissue.
Figures 1E and 1F show a nerve and two arteries, respectively, at a higher magnification.
Note the wavy pattern of the nerve fibres in Figure 1E, and the three layers of the arterial
wall (ti, tunica intima; tm, tunica media; ta, tunica adventitia), clearly seen in cross-section
in Figure 1F. Tunica intima has a high content of elastin (elastica interna), and thus is visible
at longer, autofluorescent wavelengths (coded green), whereas the adventitia has more
collagen, and thus has higher SHG signal (coded red). Figure 1G shows that MPM can be
used to trace a small nerve through several lateral and vertical planes, something that will be
essential for identifying a longitudinal structure during surgery. Figure 1H shows a relatively
high magnification image of a surgical specimen encompassing a peripheral zone acinus (a),
the parallel longitudinal collagen-rich fibres of the prostatic capsule (b), and the very
proximal fascia containing collagen-rich connective tissue (c) and fat (d). Thus, MPM/ITE
imaging enables detection of microscopic details that allow accurate recognition of
surgically relevant tissues present in the prostatic fascia, something that is not possible with
current surgical technology.

Documentation of the intraprostatic architecture
The prostate gland is composed of acini, which are dispersed in the fibromuscular stroma of
the gland. The stroma generates strong SHG signal due to the abundance of collagen,
whereas the acini are strongly autofluorescent. Each acinus consists of a double layer of
cells lining a central lumen. This organisation is shown in Figures 2A and 2C (low and high
magnification). Figures 2B and 2D show the corresponding images from slides stained with
H&E. The acini often contain strongly autofluorescent concretions (arrows in Fig. 1A). At
higher magnification, one sees prominent lumina in the prostatic acini (Figs 2C, 2D).

When imaged using MPM, prostatic acini show strong punctate autofluorescence. Although
the punctae appear to be cell-associated, they do not exhibit a true cellular morphology (i.e.
dark nuclei surrounded by an autofluorescent cytoplasm), such as those seen in the MPM/
ITE images of bladder urothelium [15] or gastrointestinal epithelium [16].

In Figures 2E, 2G and 2H, we show that this punctate autofluorescence has spectroscopic
properties distinct from the elastin fluorescence observed in the intima of neighbouring
arteries, or cytoplasm-derived autofluorescence observed in cells. This difference can be
clearly appreciated in Figure 2E, where the structure marked ‘a’ shows a prostatic acinus,
while that marked ‘b’ shows elastin in the artery wall. This difference arises because elastin
autofluorescence is mostly observed in our lower-wavelength autofluorescence detection
channel (420–530 nm; colour-coded green), whereas the punctuate acinar signal is present in
both the low- and high-wavelength autofluorescence detection channels (the higher-
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wavelength autofluorescence channel collects emissions in the 530–650 nm range and is
colour-coded blue). Thus, the punctuate autofluorescence appears cyan to blue in our colour-
coding scheme, depending on the relative contributions from the two autofluorescence
detection channels.

Similarly, this punctate autofluorescence is distinct from the autofluorescence arising from
cell cytoplasm at higher magnification (Figs 2G, 2H). Cellular autofluorescence mainly
originates from intracellular NADH and FAD [12–14], and cells typically have much more
NADH than FAD. NADH emission is mostly restricted between 420 and 530 nm, and thus
cell cytoplasms appear green in our colour-coding scheme. Bona fide cells with green
fluorescent cytoplasm surrounding dark nuclei are shown with arrows in Figures 2G and 2H.
While the source of the long-wavelength-emitting punctate autofluorescence in prostatic
acini is not established, we hypothesize that it arises from lipofuscin deposits in the
lysosomes of the prostatic acinar cells [18–21].

These data show that normal prostatic structures and cells, as well as the fibrocollagenous
stroma, can be identified using MPM/ITE imaging. Recognition of these details is essential
for decisions regarding the surgical plane used during radical prostatectomy to minimize
positive margin rates.

Identification of intraprostatic and periprostatic alterations, including benign and
malignant lesions

In Figure 3, we show the ability of MPM/ITE to identify various benign and malignant
tissues in the prostate. Figure 3A shows a gland with prostatic epithelial hyperplasia, where
there are many layers of autofluorescent prostatic cells that largely fill the lumen of the
gland. Figure 3B shows an image from an H&E-stained slide prepared from the same
specimen.

Gleason score, the primary method of grading prostate cancer, is based on glandular
architecture [22, 23]. Thus, even at low magnification, it is possible to obtain useful data.
Figure 3C shows a region from a prostate specimen with a low-grade tumour (Gleason grade
3) composed of many small glands. Figure 3D shows H&E-stained histopathology from a
similar area of the same sample; similar features can be identified in both images. Figure 3E
shows a section of the prostate from a subject with high-grade tumour [Gleason 7 (3+4) ].
The region marked ‘a’ shows tumour with Gleason grade 3 (small, delineated glands), while
the region marked ‘b’ shows Gleason grade 4 (sheets of cells with no apparent glandular
organization). Figure 3F shows an H&E-stained section from the same specimen, showing
the corresponding areas with Gleason grade 3 and 4 tumours marked ‘a’ and ‘b’,
respectively.

Figure 3H shows a section of the LPF with a lymphoid aggregate, indicative of
inflammation at that site. Inflammation is quite common, and could represent a site of recent
biopsy, and the indurations resulting from it could falsely suggest a cluster of prostatic cells
that have escaped into the periprostatic space (EPE). In the MPM/ITE image, we can see the
lymphoid aggregate (a), surrounding arteries (b–d), and fat (e) in the fascia. Figure 3I shows
a higher-magnification image of the lymphoid aggregate, in which individual lymphatic
cells are clearly visible. Figure 3G shows an H&E-stained section from the specimen
showing the corresponding structures, which are identified as in Figure 3H.

We conclude that MPM/ITE can be used to identify pathologies, obtain cancer grading
information and identify sites of inflammation. Most importantly, it provides the ability to
discriminate between pathologies and benign inflammation, something that can enable more
accurate decisions regarding tissue removal.
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Identification of extraprostatic structures that lie in the vicinity of the prostate
In Figure 4, we show the ability of MPM/ITE to image extraprostatic structures that are
encountered routinely in the surgical context. Figures 4A and 4B show MPM/ITE images of
a cross-section of the seminal vesicle at two different magnifications. The highly folded
glands of the seminal vesicle (a) are clearly visible, surrounded by the convoluted stroma,
consisting of loose connective tissue (b). A small portion of the fibromuscular wall is seen in
both Figure 4A (labelled c) and the H&E image (Figure 4C, region c). The cyan-to-blue
punctate autofluorescence in the seminal vesicle glands possibly originate from lipofuscin,
as discussed earlier. The folded stroma appears to contain elastin and/or smooth muscle,
based on signal in the autofluorescence channel (green) and collagen (the SHG channel;
coded red). Consequently, these mucosal folds appear yellow due to the overlap of red and
green signal. Figure 4C shows a corresponding area from an H&E-stained histopathology
section.

Figures 4E and 4F show MPM/ITE images of a section of the vas deferens at two
magnifications. This tissue has a much thicker fibromuscular wall (labelled c in all panels),
and a smaller lumen with a less convoluted epithelium (a) and the loose connective tissue
mucosa (b), compared with the seminal vesicle. Figure 4D shows a corresponding area from
an H&E-stained histopathology section, identifying the same histological landmarks. Thus,
MPM/ITE is capable of aiding in the identification of the vas deferens and seminal vesicles,
tissues neighbouring the prostate, which are frequently invaded by cancerous prostate cells.

Discussion
In the present study, we show that MPM/ITE imaging generates high-resolution, high-
contrast images from fresh, unprocessed and unstained tissue based solely on ITE
(autofluorescence and SHG) signatures. The anatomical details that can be seen in these
images make it an ideal candidate to assist in a surgical decision-making process during
nerve-sparing radical prostatectomy.

Previous studies indicate that MPM is effective and safe. It has been used for nerve
visualizations both ex vivo [24] and in vivo [25, 26], and has been reported to successfully
image pathologies associated with Alzheimer's [25] and Parkinson's diseases [27] in
transgenic mouse models. Recently, we have utilized MPM/ITE for real time ex vivo
imaging of the prostate and periprostatic neuronal tissue in Sprague–Dawley rats, and
obtained high-resolution images with minimal phototoxic effect on tissues [17].

The capabilities of MPM imaging have the potential to reduce the challenges of successful
prostatectomy, which requires rapid identification of cancerous cells, the prostatic capsule
and nerve bundles. The ability of MPM to produce optically thick image stacks is crucial, as
visualization of the tissue underneath the visible surface could provide important
information about the region of interest without requiring excision and conventional
histopathology. We are currently working on developing a tool for integration of MPM/ITE
and other pre-surgical and intra-surgical imaging methods. We expect that such a tool will
help reduce positive margin rates, enhance surgeons' ability to identify and spare important
nerves, and avoid damage to surrounding tissues.

It is fair to expect that MPM imaging will have to overcome several potential challenges
before it can be integrated into surgical procedures. For example, it is possible that the
overall cost of equipment, surgical suite adjustments and additional training of surgeons
could render this technology too expensive for translation. We could also find that the actual
surgical field contains more challenges, such as blood and fatty deposits that might interfere
with the signal. Breathing and other types of ambient motions might also limit the quality of
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the images, as current image acquisition rates are relatively slow (≈ one frame/s for a single
plane). However, new technologies in this field are being developed at a rapid pace (e.g.,
cheaper, stable and portable single-wavelength femtosecond pulsed lasers, more efficient
optical fibres, faster scan systems, adaptive optics to correct for aberrations, more efficient
detectors and new optics that will increase the field of view while maintaining cellular
resolution). It is thus very likely that, as challenges for clinical translation are identified,
technological development will keep pace with addressing them.

In conclusion, we have utilized a novel approach for imaging of human prostatic and
periprostatic tissue that can provide cellular-level information without any processing or
exogenous contrast agents. Once technology to translate this imaging modality to the
operating room becomes available, it should enable more accurate surgical decision-making.
As discussed earlier, several technological challenges still remain to make this translation a
reality; however, extensive research is continually generating newer solutions to the
identified problems. We anticipate that the study presented here will lay the foundation for
the development of methodologies applicable during surgery. We are currently pursuing
further research in both human tissue and in small animal models to test the efficacy of this
methodology in the surgical context.
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Abbreviations

EPE extra-prostatic extension
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FAD flavin adenine dinucleotide

H&E haematoxylin/eosin

ITE intrinsic tissue emission

LPF lateral pelvic fascia

MPM multiphoton microscopy

NADH nicotinamide adenine dinucleotide

SHG second harmonic generation
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FIG. 1.
MPM imaging of periprostatic fascia obtained from intra-surgical margins. (A, B) Lateral
prostatic fascia showing a large artery (a), connective tissue (b) and fat (c). (A) MPM image.
(B) Histology slide with Weigert's stain to identify elastin. (C) Surgical apical margin
showing a small nerve (arrow). Small arrowhead points to collagen, large arrowhead to
elastin, in the connective tissue. (D) Surgical apical margin showing a small artery (arrow;
note the empty lumen as opposed to C). (E) Higher magnification image of a small nerve
bundle at the surgical margin, showing fluorescence that derives from the axoplasm or the
cytoplasm of the Schwann cells. (F) Higher magnification image of a small artery at the
surgical margin, showing the elastin-rich tunica intima (ti; green), tunica media (tm) with
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intermediate amount of elastin, and tunica adventitia (ta), which is rich in collagen. (G) A
nerve bundle traced through several lateral and vertical planes. (H) Prostatic capsule
showing an underlying acinus (a), the capsule (b), periprostatic fascial connective tissue (c)
and fat (d). Colour-coding of all MPM images: red, SHG; green, autofluorescence between
420 and 530 nm. Scale bars: A, C, D, 500 μm; E, 67 μm; F, G, 200 μm; H, 100 μm.
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FIG. 2.
MPM and corresponding histology images of the prostate gland. (A, B) Low-magnification
image of human prostate gland showing concretions. The MPM image (A) shows acini
containing structures that are probably concretions (green; shown by arrows) and
collagenous stroma (red). Panel B shows an H&E-stained sample from a corresponding area.
(C, D) Higher-magnification view of prostatic glands. The MPM image (C) shows acinar
cells (green) and collagenous stroma (red). Panel D shows image of H&E-stained sections
from a corresponding area. (E, F) Prostatic acinus and nearby artery (on the capsule)
showing differing autofluorescence signals. The prostate gland exhibits punctate
fluorescence (a) over a very broad wavelength range (420–650 nm). By contrast, elastin
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fluorescence in the artery (b) is predominantly restricted to the shorter wavelength channel
(420–530 nm). Panel F shows H&E-stained sections from corresponding areas of the same
specimen. (G, H) Higher magnification of prostatic acini imaged using three detector
channels (two for autofluorescence; identical imaging conditions as in panel E). Here, cells
emit mostly in the 420–530 nm range and thus appear green in the colour-coding scheme.
By contrast, the gland-associated punctate fluorescence (which could represent lipofuscin
deposits) emits over a broader wavelength range, and thus appears bluer in the colour-
coding scheme (arrows point to bona fide cells with distinct nuclei). Colour-coding of MPM
images: red, SHG (355–420 nm); green, short-wavelength autofluorescence (420–530 nm);
blue, long-wavelength autofluorescence (530–650 nm). Scale bars: A, E, 200 μm; C, 50 μm;
G, H, 100 μm.
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FIG. 3.
MPM and corresponding histopathology images of intraprostatic and periprostatic
alterations, including benign and malignant lesions. (A, B) Prostatic epithelial hyperplasia.
The MPM image (A) shows an acinus where the lumen is nearly filled with proliferating
cells (autofluorescent). The acinus is demarcated by the presence of surrounding
fibrocollagenous stroma. Panel B shows an H&E-stained sample from a corresponding area.
(C, D) Panel C shows a low-magnification image of a malignant low-grade prostate cancer
(Gleason grade 3), with small glands dispersed in the prominent fibrocollagenous stroma.
Panel D shows H&E-stained image from a corresponding area. (E, F) Low-magnification
images of human prostate gland showing high Gleason grade tumour. In the MPM image
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(panel E), two regions can be identified: small glands can still be distinguished (a, Gleason
grade 3) and sheets of fused glands with no glandular architecture or intervening stroma (b,
Gleason grade 4). Panel F shows an H&E-stained image from a corresponding area. (G–I)
Inflammatory pathology in the LPF. Panel H shows a low-magnification MPM image of a
region of the fascia where we can identify a lymphoid aggregate (a), several arteries (b–d)
and fat (e). Panel I shows a higher magnification of the lymphoid aggregate, with individual
lymphocytes visible. Panel G shows an H&E-stained section of the corresponding area of
the same specimen. Colour-coding of MPM images: A, C: red, SHG; green:
autofluorescence between 420 and 530 nm. Scale bars: A, I, 100 μm; C, H, 500 μm; E, 200
μm.
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FIG. 4.
MPM and corresponding histopathology images of extraprostatic structures that are
encountered during surgery. (A–C) Seminal vesicle. Panel A shows a low-magnification
MPM image of a cross-section of the human seminal vesicle. A highly convoluted gland is
visible (punctuate autofluorescence, colour-coded blue, possibly due to high levels of
lipofuscin accumulation). The folds appear yellow, indicating these structures contain both
autofluorescent components (elastin, smooth muscle cells) and structures that produce SHG
signal (collagen). Panel B shows a higher magnification of a section of the gland. Panel C
shows an image of an H&E-stained section prepared from the same specimen. (D–F) Vas
deferens. Panel E shows a low-magnification MPM image of a cross-section of the vas
deferens, showing a thick fibromuscular wall, a small lumen and a less convoluted glandular
architecture than the seminal vesicle. Panel F shows a higher-magnification view of this
region of the gland. Panel D shows an image of an H&E-stained section prepared from the
same specimen. In all panels: a, gland; b, stroma consisting of loose connective tissue; c,
fibromuscular wall. Colour-coding of MPM images: red, SHG (355–420 nm); green, short-
wavelength autofluorescence (420–530 nm); blue, long-wavelength autofluorescence (530–
650 nm). Scale bars: A, E, 500 μm; B, F, 100 μm.
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