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at Houston 

Twenty surgical specimens of prostate [ 1 histologically normal, 8 with benign hyperplasia (BPH), 
and 11 with cancer (PCa)] were examined by histochemical staining methods for the presence 
of a melanin-like pigment that we first observed in organ culture. Fontana-Masson-positive 
pigment was observed in epithelial cells of the normal specimen, of five BPH and of eight PCa. 
The distribution of pigment in BPH was unpredictable and patchy. The pigment was consistently 
absent in neoplastic epithelia. Silver-positive stromal cells also were observed in a number of 
the specimens. The epithelial pigment reacted to histochemical stains in part like melanin, in 
part like lipofuscin. It probably represents an endogenous pigment similar to other types of 
noncutaneous melanins. 
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INTRODUCTION 

Report on the occurrence of blue nevi in prostatic stroma [1,2] and of primary 
melanomas apparently originating in the prostate [3] have led some investigators to a 
search for melanin in this organ. Thus, Goldman [4] found a melanin-like pigment in 
acinar cells of a hyperplastic prostate surgically removed from a Caucasian patient. Guillan 
and Zelman [5] carried out a systematic screening for melanin on 330 prostates taken at 
autopsy. The pigment was found in 13 (4%) of the speciments but unfortunately clini- 
copathological information was not published. The pigment observed by Goldman and 
by Guillan and Zelman was referred to as melanin on the basis of its positive reaction 
to Fontana-Masson’s silver stain and Lillie’s ferrous iron procedure, of its bleaching by 
permanganate, and its absence of reaction to Gomori’s stain for iron. 

During studies of a possible viral involvement in prostate cancer [7,17], we came 
across a dark pigment resembling melanin in sections of prostatic tissues in organ culture. 
This finding incited us to examine a number of surgical prostate specimens for the presence 
of a similar pigment. Some of our results have already been presented [6] .  This paper 
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60 Seman, Gallager, and Johnson 

is an updated account of our observations on a Fontana-Masson positive pigment in 
surgical specimens, of normal, hyperplastic, and neoplastic prostate glands. The pigment 
was found in epithelia of one normal prostate specimen, of 5 of 8 specimens of hyperplastic 
glands (BPH), and 8 of 11 specimens of cancer (PCa). The pigment was also found in 
some stromal cells of two BPH and two PCa. DOPA reaction and immunofluorescence 
tests for melanin could not be employed, but based on the other histochemical tests carried 
out, it was apparent that the pigment was not typical melanin. This pigment was con- 
sistently absent in young, invasive epithelial cancer cells, but its distribution in non- 
malignant epithelia of BPH and PCa did not appear to follow discernible rules. The rarity 
of melanocytes in stroma of the specimens and other histological details suggest that the 
pigment observed is an endogenous product of prostate cells. 

MATERIALS AND METHODS 

Organ Cultures 
For organ culture, tissue specimens were received from the Department of Urology 

in this institution and, thanks to the courtesy of Dr. Theodore Malinin, University of 
Miami School of Medicine, Miami, Florida. The specimens were shipped in ice-cooled 
medium 199. The specimens comprised a normal prostate taken at autopsy, four BPH 
and three PCa. 

Explants, 2-3 mm in size, were placed on cylindrical rafts made of paraffin [ 1,7]. 
The rafts were pierced by a 6 mm hole and their top sides were covered with a piece of 
100 mesh stainless steel grid. The rafts were kept in 95% ethanol before use. Three to 
five rafts per dish, each carrying an explant, were put to float in Corning 50 X 100 
crystallizing dishes half filled with medium (Eagle’s minimal essential medium + 10% 
fetal calf serum, penicillin, and streptomycin) and covered with the lid of a 100 mm petri 
dish. The vessels were incubated at 37°C in dry incubators flushed with air and 5% COz. 
The medium was siphoned out every 7-10 days to be replaced with fresh medium. 
Explants were removed at intervals and fixed in 10% formalin for histology or 3% buffered 
glutaraldehyde for electron microscopy. 

Histochemical Tests 
For histochemistry , serial sections of paraffin-embedded surgical specimens, fixed 

in 10% formalin, were obtained from the Departments of Urology and Pathology in this 
institution. The specimens were selected from among those yielding large sections rich 
in epithelial elements. The specimens included a histologically normal prostate from a 
patient with bladder cancer, 8 BPH and 11 PCa. Sections of needle biopsy specimens, 
too small and too difficult to handle, were not used. 

Histological diagnosis was known in each case before the specimens were processed. 
Sections of all the specimens selected for histochemical studies were treated with 

Fontana-Masson’s silver stain for melanin, before bleaching and after bleaching with 
0.25% potassium permanganate for 30 min. Besides the Fontana-Masson stain, other 
classical staining procedures were chosen to help distinguish melanin from lipofuscin, 
the most common of the nonmelaninic pigments. Thus, we selected Lillie’s ferrous iron 
and Lillie’s sulfuric Nile blue procedures for melanin and lipofuscin, Ziehl-Neelsen’s 
short procedure for acid fast pigments, using methylene blue and/or Mayer’s hemalum 
as counterstains, and Mallory’s hematoxylin-basic fuschin for lipofuscin. Sections of 
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Melanin-Like Pigment in Prostate 61 

some specimens were submitted to Hueck’s stain for melanin and lipofuscin and others 
stained with Sudan black for lipids. Sections of all the specimens were treated with 
Turnbull’s stain for iron. DOPA reactions or immunofluorescence tests for melanin were 
not carried out. 

A Leitz epi-illumination fluorescence microscope, equipped with Ploemopak filter 
cubes, was used to examine Fontana-Masson stained sections mounted in Permount. 

RESULTS 

Organ Cultures 
Explants were kept on rafts for 8 to 26 wk. Their histories were the same in every 

case. Epithelial cells migrated out from glands cut open during trimming and spread all 
over the surface of explants. Deep-seated glands progressively atrophied while undergoing 
squamous transformation. Stromal cells were slowly disappearing leaving behind a fibrous 
matrix (Fig. 1). Some explants contained unusually large corpora amylacea; perhaps their 
accretion continued in vitro. Epithelial cells also migrated out onto the metal grids of the 

Fig. 1. One-hundred-and-five-day organ culture of an explant of BPH from an 88-year-old Caucasian patient. 
Periphery of explant is coated with a layer of epithelial cells (arrow) that migrated out from acini cut open. 
Glands inside the explant are undergoing squamous transformation; some have disintegrated. Stroma is mostly 
acellular toward the center. Hematoxylin-eosin. X 32. 
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62 Seman, Gallager, and Johnson 

Fig. 2. Detail from a 184-day organ culture of a BPH specimen from a 75-year-old Caucasian patient. 
Epithelial cells at the surface of explant contain dark granules resembling melanin. Hematoxylin-eosin. x 320. 

Fig. 3. Histologically normal prostate from a 75-year-old Caucasian patient with bladder cancer. Most of the 
silver-positive granules are located in epithelial villi. An argentaffin cell can be seen at the bottom of the 
micrograph (arrow). Fontana-Masson stain. X 270. 
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rafts and from there dropped to the bottom of the dishes, forming typical colonies of 
epithelial or myoepithelial cells. Propagation of these cells in MEM and 10% fetal calf 
serum was unsuccessful. 

In four cases (one BPH and three PCa) epithelial cells at the surface of explants 
contained dark granules (Fig. 2) that were positive for Fontana-Masson's stain, but 
negative after bleaching. No granules of this type were observed inside the explants. 

Histochemical Tests 
The Fontana-Masson stain was completely negative for all the specimens after 

bleaching with permanganate. Without bleaching, however, varying amounts of silver- 
positive granules, located in epithelial or stromal cells, were observed in a majority of 
the sections (one normal prostate, six BPH, and ten PCa). 

The granules were not abundant in normal gland (Fig. 3) but were more numerous 
in BPH and PCa, where their accumulation in some of the specimens as conspicuous 
even at low magnifications (Fig. 4). The granules were uniformly black but on occasion 
revealed clearer, sepia-colored components. Their size varied from tiny specks to micron- 
sized, round dots, up to lumps bigger than nuclei (Fig. 5 ) .  Generally the granules tended 
to crowd the basal part of normal (Fig. 3), hyperplastic (Fig. 5 ) ,  or atrophic (Fig. 6) 
epithelia. Sometimes their abundance obliterated cellular details. 

Fig. 4. Benign prostatic hyperplasia of a 65-year-old Caucasian patient. Accumulations of silver-positive 
granules are conspicuous in this low magnification micrograph. Granules are absent in many glands while in 
others they remain localized to some areas of the epithelium. Fontana-Masson stain. X 120. 

douglasbrash
Highlight



64 Seman, Gallager, and Johnson 

Fig. 5 .  
distribution of silver-positive granules. Fontana-Masson stain. X 520. 

Same patient as Figure 4. Enlarged micrograph of glandular epithelium showing a mostly basal 

Fig. 6 .  
are circling the entire glands. Fontana-Masson stain. X 220. 

Atrophic glands in a BPH specimen from a 65-year-old Caucasian patient. Silver-positive granules 
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The distribution of silver-positive granules in epithelia of BPH did not follow a 
predictable pattern. Three BPH specimens contained no granules at all, while five other, 
histologically similar BPH specimens were positive. Even in these positive specimens 
granules were present only in some acini or groups of acini, and while granules could 
be seen circling the epithelium of entire acini (Fig. 61, just as often they were localized 
in only some parts of others (Figs. 3 and 4). This patchy distribution paralleled variations 
in the abundance of granules. Of the five positive BPH specimens, two contained wide- 
spread and often heavy deposits of granules, while the three others contained much less. 

Silver-positive granules were observed in epithelia of 8 out of 11 specimens of PCa. 
Their distribution was more difficult to analyze than in BPH because of the admixture, 
in most of the sections, of malignant, borderline, and nonmalignant acini. 

Still, while granules were often present in nonmalignant acini, their absence in 
typical neoplastic glands and in cords of invasive cells was a consistent finding, regardless 
of the histological type of the tumor (small or large acinar, cribriform, papillary, or solid 
trabecular). Two specimens of PCA were difficult to interpret because they contained, 
besides typical malignant formations, granule-laden glands that in Fontana-Masson- 
stained sections at first appeared to be neither normal nor malignant (Figs. 7 and 8). To 
better understand their structure we have examined the same sections under UV light, 
using the N2 Ploemopak cube. In these conditions the intense fluorescence of stromal 

Fig. 7 .  Sixty-year-old Caucasian patient with PCa. The section cuts through glands heavily laden with silver- 
positive granules and through well-differentiated malignant acini (arrows). A double arrow points to a place 
where malignant epithelium is probably emerging from a degenerating acinus. Fontana-Masson stain. X 90. 
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elements and of intercellular spaces revealed fine architectural details (Fig. 9). Silver- 
positive granules in epithelial cells appeared as black holes. Epithelia of the controversial 
glands showed a high degree of disorganization and were sloughing in many places. The 
basal cell lining and basement membranes were often missing. In places reticulin fibers 
of stroma invaded the epithelium and small blood vessels were dispersed around and in 
the acinar walls. The ragged appearance of these glands contrasted with the clean and 
sharp outline of granule-negative malignant epithelia observed in the same (Fig. 9) and 
in other PCa specimens. In our opinion the granule-laden, disorganized glands were 
undergoing preneoplastic degeneration before the emergence of malignant cells from some 
of them. A possible illustration of this phenomenon can be found in Figure 7. 

A few silver-positive cells were observed in the stroma of three BPH and four PCa 
specimens. The cells formed a typical nevic patch in one of the BPH (Fig. lOa), but 
elsewhere the positive cells did not resemble melanocytes. These cells were found close 
to epithelia, if not right in their middle (Figs. 3 and lob). The cells were small, with a 
homogenously black, oval, but sometimes spindle-shaped or stellate, cytoplasm. There 
was no apparent correlation between the presence of these cells and that of silver-positive 
granules in epithelia. For instance, the two BPH and two PCa specimens most positive 
for granules contained no argentaffin cells in stroma. 

Fig. 8.  
acini. The big black dot to the right (arrow) is a silver-positive corpus. Fontana-Masson stain. X 220. 

Enlarged area from Figure 7,  showing in more detail the disorganized structure of the granule-laden 
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Evaluation of the results of the other histochemical tests was easy when, as with 
Mallory’s hematoxylin-basic fuschin and with Turnbull’s stain for iron, no colored re- 
actions were observed in any of the specimens. It was less so with those giving positive 
reactions because of difference between sections of the same specimen and because of 
the barely noticeable brownish color of unstained granules in control (hematoxylin-eosin) 
slides. Even then, only the heavier deposits were visible in these slides. Nevertheless, 
Lillie’s ferrous iron and Lillie’s sulfuric Nile blue (after wash in acetone) distinctly stained 
in pale-green granules in epithelia that probably represented, for the most part, the silver- 
positive granules demonstrated by the Fontana-Masson stain. The short Ziehl Neelsen 
gave more straightforward results. With methylene blue as counterstain, granules in 
epithelia stained an intense blue violet (Fig. 11) but showed more heterogeneity and 
appeared more irregular in shape than after treatment with silver. With Mayer’s hemalum 
as counterstain the granules stained pink. Their distribution was clearly the same as that 
of the granules observed in Fontana-Masson stained slides. Thus, the silver-positive 
granules were also acid fast and basophilic. Basophilia of the granules was also evident 
from their intense blue-violet color with the basic dye Nile blue that is used in the first 
step of Lillie’s or Hueck’s techniques for melanin and lipofuscin. We have tried, as 

Fig. 9. UV-fluorescence micrograph of the gland seen in Figure 8 to the right. Silver-positive granules in 
epithelium appear as black holes. Epithelium itself is disorganized, in places sloughing. Small blood vessels 
(arrows) and strands of reticulin fibers encircle the gland. The corpus (double arrow) is less heavily labeled as 
Figure 8 suggests. Fontana-Masson stain. x 320. 
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prescribed by Hueck, to bleach Nile blue-stained granules with hydrogen peroxide, but 
the results were inconclusive. Ever after overnight (and rather destructive) application 
of 10% hydrogen peroxide, many granules remained blue. 

Sudan black for lipids stained varying numbers of granules in epithelia, but there 
was no apparent correlation between their distribution and that of silver-reducing granules. 
The Ziehl Neelsen with methylene blue as counterstain demonstrated, in the stroma of 
most of the specimens, varying numbers of mast cells generally located around the 
glandular structures. 

Fig. 10. (a) BPH. Same patient as Figure 6. A nevic cluster in stroma. Fontana-Masson stain. x 320. (b) 
Argentaffin cells (arrows) in or near epithelium of an acinus in prostate of a 58-year-old Caucasian patient with 
BPH. The significance of these small cells is unclear. Fontana-Masson stain. x 320. 
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DISCUSSION 

Our studies confirmed the presence of a melanin-like pigment in epithelium of the 
human prostate. The pigment was observed in most of the surgical specimens examined: 
in 5 out of 8 BPH and 8 out of 11 Pea. The pigment also was observed in a histologically 
normal prostate specimen from a patient with bladder cancer, but this isolated result tells 
nothing on the occurrence of pigment in prostate of normal subjects. If diseases of the 
genitourinary system, and more specifically of the prostate, were not involved in the 330 
autopsy cases examined by Guillan and Zelman [5], the finding of pigment in only 4% 
of the cases would tend to indicate that this pigment is more frequent in BPH and PCa 
than in normal prostate. This point is clearly open to question. More studies are also 
needed to determine the influence of age, chronic infections, and other nontumoral factors 
on the occurrence of the melanin-like pigment. Race, at least in our series of patients, 
apparently was not a determinant because only 2 out of 20 were black. 

Histological evolution of the organ cultures has followed the squamous transfor- 
mation pattern already observed by others in organ cultures of prostate [8], but the 
presence of a melanin-like pigment has not been reported so far. The exclusive location 
of pigment granules in cells at the surface of explants is worth noting because it may 
have to do with the effect of metabolic gradients on granule synthesis or accumulation. 

Fig. 11. BPH. Same patient as Figures 4 and 5. High magnification micrograph of epithelial cells granules 
stained with the short Ziehl Neelsen and methylene blue as counterstain. The granules show more heterogeneity 
in shape and size than with the Fontana stain. The round particles marked by mows appeared red violet; the 
others varied from deep blue to purple. X 840. 
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Without DOPA histochemistry , immunofluorescence, or other elaborate tests for 
melanin, it is impossible to draw a final conclusion as to the nature of the silver-positive 
pigment found in surgical prostate specimens. It is difficult to match the distribution of 
granules in serial sections stained by different techniques. Only the larger granules were 
detectable in control slides stained with hematoxylin and eosin; they appeared as faintly 
colored, brownish elements. Thus it was impossible to know, from one slide to another, 
whether all the granules or only a proportion of them were stained by a given stain; 
therefore subjective interpretations were unavoidable. As far as it was possible to deter- 
mine, histochemically the pigment granules reacted like melanin (bleached by perman- 
ganate, stained by silver, positive for Lillie’s ferrous iron and Lillie’s sulfuric Nile blue 
for melanin, and negative for Mallory,s hematoxylin-basic fuchsin and for Tumbull’s 
stain for iron), but they also reacted like lipofuscin (pink coloration with the short Ziehl- 
Neelsen, strong affinity for basic dyes such as methylene blue and Nile blue, and some 
resistance to bleaching after Hueck’s Nile blue stain). Thus for what the staining pro- 
cedures were worth in distinguishing melanin from other pigments, an often difficult 
problem in histochemistry [9, lo], the pigment observed in prostate behaved like melanin 
and lipofuscin, although as melanin it should have been negative for the Ziehl Neelsen 
and as lipofuscin positive for the Mallory . These conflicting staining properties suggest 

Fig. 12. Seventy-day organ culture of a FCa explant from a 73-year-old Caucasian patient. This electron 
micrograph shows part of an epithelial cell at the surface of the explant. The cytoplasm contains complex bodies 
filled with black material resembling melanin and granular material resembling lipofuscin (arrows), with lipid 
(double arrows), and other components. Such bodies are commonly found in epithelial cells of prostate biopsies. 
X 8,000. 
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that the silver-positive granules do not represent typical, cutaneous melanin but some 
complex pigment like the “old-age pigment” or neuromelanin of the brain, known to 
consist of both melanin-like and lipofuscin-like components [ 11,121. Melanin of neu- 
romelanin, like melanin of other related, noncutaneous pigments, is not derived from 
melanocytes and therefore is an endogenous cellular product. This is likely to be the case 
with prostatic melanin. The theory of a transfer of pigment from melanocytes to epithelial 
cells, as advocated by Guillan and Zelman [5] for prostatic melanin, is in effect, difficult 
to support. Guillan and Zelman themselves observed stromal melanocytes in only two 
of their prostate specimens. Silver-positive stromal cells were more frequently observed 
in our series but still at very low concentrations. Even if all these cells were melanoblasts 
or melanocytes, their scarcity can hardly account for all the Fontana-Masson positive 
material present in the specimens examined. As mentioned earlier, four of our most 
positive specimens did not contain silver-positive stromal cells at all. The hypothesis that 
the prostatic pigment is endogenous to epithelial cells is also supported by ultrastructural 
data. In effect, promelanosomes or melanosomes of the cutaneous types have never been 
reported in the many electron microscope studies of normal, hyperplastic, or neoplastic 
prostates [ 13-17]. Instead, a plethora of intracytoplasmic inclusions called by various 
names (lysosomes, dark bodies, multilobulated bodies, pleomorphic bodies, complex 
lipid bodies, etc), generally attributed to merocrine or apocrine secretory activity, has 
been described in epithelial cells of normal prostates and in BPH specimens. Their 
structure often resembled that of noncutaneous melanin granules, for instance, neuro- 
melanin [ 11,121 granules that in general contain three components, one very dark, like 
mature melanin, another like lipofuscin, and a third made of lipid. Although the dark, 
osmiophilic component resembles mature melanin in density it never shows the laminar 
structure of periodicity characteristic of cutaneous melanin. Inclusions of this type are 
shown in Figure 12, which illustrates the structure of dark granules observed by light 
microscopy in organ cultures of prostate. Thus, until proved to the contrary, the theory 
that the silver-positive prostatic pigment is endogenous appears as the best working 
hypothesis. 

CONCLUSIONS 

The data presented here are still fragmentary. Important questions remain concerning 
the nature and significance of the melanin-like pigment observed in prostate. The bio- 
chemical nature of the pigment and its relationship to ectodermal melanin will have to 
be determined using special techniques, of which electron microscopy and fluorescence 
microscopy are the most promising. Special attention is to be given to the silver-positive 
stromal cells, which probably include different cell types with different functions, eg , 
genuine melanocytes, complex pigment-storing cells, or argentaffin cells perhaps con- 
nected to the nervous system. The significance of the pigment in prostatic epithelia is 
certainly not trivial. It is important to determine its occurrence as it relates to age and 
various clinicopathological conditions, its biological and immunological functions, and 
the meaning of its disappearance from cancer cells. The relevance of special studies on 
the prostatic pigment is also illustrated by a striking difference between the prostate gland 
and seminal vesicles. In effect, epithelial cells of seminal vesicles are rich in granular 
and secretory material completely negative for the Fontana-Masson stain, but positive for 
lipofuscin stains [ 181. Clearly the meaning of such a difference on embryological and 
other grounds is worth investigating. 
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Finally, urethral epithelium around the verumontanum often displays pigmented 
patches seen in cystoscopies. A special study to find out the difference between urethral 
and prostatic pigments appears to be warranted. 
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