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Summary. Benign hyperplastic and neoplastic human prostate tissue samples were obtained by needle 

biopsy, transurethral resection or open prostatectomy. Acinar cells of both types of tissues were 
examined in the scanning electron microscope. It had been reported previously that adenocarcinoma 
acinar cells were more heterogeneous in size and shape thanBPH acinar cells; the purpose of this 
study was to determine if there were surface morphology differences between the two types of tissues. 
Acinar cells were found to be extremely heterogeneous in their surface morphologies; three major 
types of surface morphologies were present - microvillous, ruffled, and bare. Within each class of 
surface morphology there was heterogeneity, both in the size and density, of surface structures 
present. IVlicrovillous, ruffled, and bare cells appeared to be present in normal, BPH, and 
neoplastic acini with no significant qualitative or quantitative differences in surface morphologies. 
Infrequently, it was possible to distinguish between well-differentiated and poorly-differentiated 
carcinomas because cells of the latter tissues were present in sheets rather than acini and appeared 
flat and totally devoid of surface detail. The SEM studies also sought to determine a marker to 
establish the origin of prostate tissue culture cells as normal, BPH or cancerous. Surface morpholo- 

gies from tissues could be traced into the tissue cultures; again, three types of cells are present - 
bare, microvillous, and ruffled. However, since surface morphology does not appear to be a 

distinguishing feature of the pathology of the tissue if cannot provide a distinguishing marker for the 
origin of tissue culture cells. 

Scanning electron microscopy also provided an opportunity to observe possible secretory mechanisms 
and products in the prostate acinar cells. 
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The ultrastructure of acinar cells from normal 
prostate, benign prostatic hyperplasia (BPH), 
and prostatic adenocarcinoma has been in- 
vestigated in several transmission electron 
microscopy (TEM) studies (3, 4, 9, i0, 19, 
20). Tall cuboidal cells with nuclei situated 
in the basal portion line the normal acinus. 
Secretory granules are evident at the apical 

pole and in the supranuclear region. These 

characteristics, as well as the position and 
number of other cell organelles, are generally 
similar for acinar cells of normal and benign 
hyperplastic tissues (4, 9, 20) though some 
studies indicate there may be intercellular 
spaces, or lacunae, in the BPH acini (4). Well- 
differentiated carcinoma cells present similar 
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ultrastructure, though close observation 
indicates a greater variability in number and 
size of cell organelles (4, 9, 19, 35). 

Preliminary scanning electron microscopy 
(SEM) studies examined the surface morphology 
of human prostatic acinar cells (7, 8, 35). 
Clark et al. indicated that surface differences 
might exist in acinar ceils of normal and BPH 
tissues (7, 8). Stone et al. could find no 
detectable differences in the surface morpholo- 
gies of normal (unpublished observation), 
BPH, and well-differentiated carcinoma acinar 
cells. The acinar cells of the neoplastic 
prostate are consistently more heterogeneous 
in size and shape than acinar cells of BPH and 
control tissues; yet normal, BPH, and 
carcinoma acinar cells have the same types 
of surface structures (35). The present study 
utilizes both scanning and transmission 
electron microscopy to correlate surface 
morphology of prostate acinar cells with ultra- 
structure to determine if surface morphology 
provides a marker for the classification of 
a cell as normal, BPH, or cancerous and to 
determine if the surface morphology of acinar 
cells in tissue can be used as a marker to 
identify acinar cells in vitro. 

MATERIALS AND METHODS 

Source and Fixation of Tissue 

Prostatic tissue was obtained by needle biopsy, 
transurethral resection, or open prostatec- 

tomy from patients with BPH or adeno- 
carcinoma. The tissues, which were placed in 
cold medium in the operating room, were 
divided into several portions. One was for 
tissue culture while another was fixed in 5 % 
ghtaraldehyde in 0.1 M sodium cacodylate 
buffer (pH 7.4) at room temperature for lhour 
and stored at 4 °C for 24 hours. Samples were 
fixed immediately following excision from the 
patient, or within 1 hour of surgery. After 
fixation, the tissues were cut into slices 
approximately 1 mm thick. 

Determination of Tissue Pathology 

In order to determine the pathology of a 
specific acinus, several parameters were 
used. The pathology report of the excised 
tissue was reviewed. It was noted whether 
discrete foci, or general areas of the tissue, 
were involved in adenocarcinoma of prostate; 
the stage of the adenocarcinoma was also 
recorded from the pathology report. However, 
the most important criteria for determining 
the pathological state of a specific acinus 

were (i) shape, (2) size, and (3) the ordered 

arrangement of the cells in relation to each 
other, the stroma, and surrounding acini 
when examined at low magnification (60 X) in 
the scanning electron microscope. :The BPH 
acini were easily recognizable by these 
criteria. Differentiation between the normal 
and well-differentiated adenocarcinoma acini 
was more difficult. Twenty-four (24) BPH tis- 
sue samples and 21 adenocarcinoma samples 
(well-differentiated to poorly-differentiated 
as determined by the original pathology 
reports) were examined in this study. 

Scanning Electron Microscopy 

After fixation in glutaraldehyde the tissue 
slices were rinsed in 0.i M sodium cacodylate 
buffer (pH 7.4) containing 5 % sucrose and 
postfixed for 1 hour in 1% osmium tetroxide 

in sodium cacodylate buffer (pH 7.4). SEM 
specimens were rinsed in 0.i M sodium 
cacodylate buffer (pH 7.4) and processed for 
scanning electron microscopy as described in 
detail elsewhere (35). The tissues were 
dehydrated by washing in a graded series of 
ethanol and subjected to critical point drying, 
(Denton Vacuum Critical Point Dryer) using 
Freon 113 as the intermediate fluid and liquid 
carbon dioxide as the transitional fluid. The 
dried specimens were mounted on scanning 

electron microscope stubs, coated with 
platinum and carbon in a JEOL vacuum 
evaporator equipped with a rotary tilting stage 
and examined in an Etec "Autoscan" scanning 
electron microscope operated at i0 or 20 KV. 

Transmission Electron Microscopy 

After fixation in 5 % glutaraldehyde TEM 
tissue specimens were washed and postfixed 
in osmium tetroxide as described above for 
SEM specimens. TEM specimens were de- 
hydrated in a graded series of ethanol and 
embedded in epoxy resin (18). Sections for 
light microscopy were cut at 0.5 a thickness 
on a Porter-Blum ultramicrotome and stained 
with tohidine blue (6, 27, 33). Thin sections 
for TEM were stained with 1% uranyl 
acetate (38), and Sato's lead stain (29). All 
TEM specimens were examined and photo- 
graphed in a Philips 300 electron microscope. 
TEM specimens were prepared as a control 
to determine if the samples processed for 
SEM and subsequently processed for TEM 
were substantially changed because of the 
double processing. 
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Fig. i. Scanning electron micrographs illustrating the variation in cell surface morphologies present 
in prostate acinar cells, a) Cell from a BPH acinus with microvillous surface structure. The micro- 

villi are uniform and 0.4-0.5u in length, b) Cells from a BPH acinus with extremely long microvilli 
(i to 1.5u). c) Cells from an acinus in well-differentiated adenocarcinoma tissue with ruffle surface 
structure. Ruffles are relatively uniform in size (0.5-2.0~ length, 0.4-0.5u height, 0.15u diameter). 
d) A cell from an acinus in well-differentiated adenocarcinoma tissue with a bare but undulating apical 
surface. Bars equal I~ 

Scanning Electron Microscopy Specimens 
Prepared for Transmission Electron Micros- 
copy 

Scanning stereomicrographs were used when 
viewing the SEM specimens in a dissecting 
microscope to identify acini which had been 
scanned and were selected for subsequent TEM 
studies. Selected acini were processed through 
propylene oxide and embedded in Epon (18) 
in flat embedding molds under a dissecting 
microscope in order to maintain the specific 
orientation desired for sectioning. 

Tissue Culture 

Prostatic glandular explants isolated as 
described elsewhere (34) were seeded into 
petri dishes containing collagen-coated glass 
coverslips (14). Five days later the prostatic 
tissue culture cells were rinsed in fresh 
medium and fixed at room temperature for 
30 minutes in a 1 : 1 mixture of 4 % gluteralde- 
hyde and fresh medium (39). The cultures 
were placed in 4 % glutaraldehyde at 4 o for 
24 hours and rinsed in 0.i M sodium cadodylate 
butter (pH 7.4). Coverslips were dehydrated 
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through a graded series of ethanol and 
processed for scanning electron microscopy 
as described for prostatic tissue specimens 

except that Freon 13, instead of liquid CO2, 
was used as the transitional fluid in a Bomar 
SPC-900 Ex Critical Point Dryer. 

RESULTS 

Scanning Electron Microscopy 

Acinar cells of normal, BPH, and cancerous 
prostate tissues when examined in the 
scanning electron microscope exhibit great 
variation in surface morphology. The cell 
surface morphologies were classified as 
microvillous, ruffled, or bare (Figs. la-d). 

Microvillous Cells. Cells with microvilli of 
many sizes and varying density are the most 

numerous surface morphology class of 
normal, BPH, and well-differentiated 
carcinoma cells (Figs. la, ib, 2a-d, 10a-e). 
Short, stubby microvilli (0.1-0.2 ~length, 
0.05-0.1 u diameter) are present on some 

villous cells as indicated previously (35) 
ranging from relatively few microvilli per 

cell (Fig. 2a) to extremely dense populations 

of microvilli (Fig. 2d). Heterogeneity in the 
length of microvilli as well as in numbers of 
microvilli per cell is also noted. Figure la 
represents an intermediate microvillous length 
(0.4-0.5~t) and Figure ib represents the 
longest class of microvilli seen on the prostate 
acinar cell surface (1-1.3a). Figure 2d 
represents another interesting variation in 
microvillar structure; the microvilli are 

extremely numerous and appear clumped. 

Ruffled Cells. Surface structures are found on 
acinar cells which, at the extreme end of the 

spectrum, qualify for the term_ ruffles as in 
Figure ic (0.5-2~length, 0.4-0.5~t height, 

0.15~ thickness). In Figure 2b ruffles are 
identified on cell surfaces (indicated by arrows); 
however it is difficult in other areas of the 
same acinus to identify certain structures as 
"ruffles" or as collapsed microvilli (as in 
Fig. 2a). The structures indicated in Figure 2a 

by double arrows are ruffles as shown by 
stereo micrographs. In agreement with recent 
literature (i) these structures (in Fig. 2a) 
are designated as ridge-like (0.3-0.9u length, 
0.1-0.2t~ height), or microplicae, rather 

than ruffles The numbers of ruffles and 
microplicae per cell vary greatly. 

Bare Cells. The bare cells are divided into 
two general types - cells which appear 
balloon-like, with no microprojections and 
cells which appear identical to microvillous 

and ruffled cells in shape, but have an undulat- 
ing surface rather than microplicae or 
microvilli (Fig. id). 

In general, the microvillous cells comprise 
90 % or more of the acinar cells surfaces 
scanned. The cell surface extremes such as 
the long microvillous cell (Fig. ib), the 
ruffled cell (Fig. Ic), and the bare cell, 

comprise less than i0 % of the cell population. 
Ruffled cells are found in groups in an 

acinus, as are the cells with long microvilli. 
Acinar cells with varying surface morphologies 
appear in adjacent areas of the same acinus 
(Figs. 2a-d) and all three types of surface 
morphologies (microvilli, ruffles, and bare) 
are observed in all three types of prostate 
tissues - normal, BPH, and adenocarinoma. 

Tissue Culture. Primary tissue cultures of 
glandular explants of BPH and adenocarcinoma 

prostate tissues were examined with the 
scanning electron microscope. The results 
are illustrated in Figure 3a-d. Cells spread- 
ing out onto the surface of the petri dish 
display the same classes of surface morpholo- 
gy found in the prostate acini. There are 
four classes, flat epithelial-like cells es- 
sentially devoid of surface structure, cells 
with numerous short (0.i-0.2~) microvilli, 
tissue culture cells with much longer (0.9~) 
microvilli (or both long and short microvilli), 
and tissue culture cells with ridge-like 
membranous structures. The surface 
morphologies of tissue culture cells are re- 
presentative of those found in tissue, both in 
classification and percentages of the total 
population found in each class, with microvil- 
lous cells present in the greatest number. 
The long microvillous cells as well as the 
ruffled cells appear in groups in the tissue 
culture monolayer, as they do in the prostatic 

acini. 

Transmission Electron Microscopy Studies 
of Acini Examined by SEM 

Figure 4 is a representative section through 
the same acinus from which Figure 2a and 2b 
were photographed. Cell a probably cor- 
responds closely to scanning electron 
micrograph Figure Ic, cell b corresponds to 
Figure la and cells d and e, to Figure id. 

The apex of cell a has extensions (0.7-1.6u 
length) into the lumen of the gland. Between 
the extensions there is granular material 
which is probably a secretory product. 
There is also a large vesicle at the surface 
of cell _a, which is filled with a similar 
granular secretory substance. The remainder 
of the apex of the cell is filled with electron 
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Fig. 2. Scanning electron rnicrographs of ceils in a ]BPH acinus illustrating several classes of 
surface structure within a single tissue specimen, a) A cell with sparse, stubby rnicrovilli (0.i-0.2~ 

length, 0.05-0.1~L diameter) is indicated by the single arrow. Two cells in the center of the 
rnicrograph exhibit structures which are rnicroplicae (indicated by double arrows). The cells at the 
bottom of the rnicrograph are covered with long rnierovilli, b) Cells adjacent to acinar cells in miero- 
graph 2a. Definite ruffled surface structure present on two center cells is indicated by the arrow. A 
cell with sparse, stubby rnicrovilli is present, as are two cells with a mixture of rnicrovillous and 
ruffle surface structure, c) Cells exhibit sparse, short rnicrovilli, or a mixture of both long and 
short rnicrovilli, d) The arrow indicates a cell with numerous, clumped rnicrovilli. Two cells in the 
center of the rnicrograph exhibit long rnicrovilli. Bars equal 2 [t 
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Fig. 3. Scanning electron micrographs of acinar cells in vitro: a) in the form of a monolayer (Bar 
equals 25LL), b) tissue culture cells with the same types of surface morphologies described for 

tissue acinar cells - microvilli (]Bar equals l~t), c) long microvilli (Bar equals 1 ~), d) microplicae 

(Bar equals 5~L) 

dense secretory granules. The apical 
membrane of cell b has numerous microvillous 
extensions (0.5~ length, 0.07-0.1L~ 
diameter); the cell contains electron-dense 
secretory granules and several large vacuoles 
filled with granular material. Cell c_ appears 
to have fewer and shorter microvilli 
(0.1-0.15~L) than cellb; secretory granules 
or vacuoles are not evident. Cell d has abate 
but undulating surface; large vacuoles, some 

filled with granular substances, are most 
numerous in the apical portion of the cell 
though a few electron-dense secretory granules 
are present. Cell e, which is also bare of 
surface structure, contains electron-dense 
secretory granules and large vacuoles. 

Figure 5 is a section from an area of the 
acinus in Figure 2c, and the cells correspond 
in surface structure to Figure id. There are 
a few undulations in the apical membranes 
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Fig. 4. Transmission electron micrograph of a section through the same BPH acinus that was examined 

by SEM in Figures 2a and 2b. Five cells are present which are labeled a-e, and which exhibit micro- 

villous (b, e) ruffled (a) and bare but undulating apical surfaces (d, e). Bar equals i~ 

Fig. 5. Transmission electron micrograph of a section of an acinus in the BPH tissue scanned in 
Figures 2a-d. Two cells exhibit rather bare but undulating surface membranes. Secretion products 
in the process of extrusion into the lumen are indicated by arro~vs. Bar equals i~ 



Fig. 6. Transmission electron rnicrograph of a section from the acinus scanned in Figure 2c. The 

cells have a bare but undulating membrane. Few secretory vacuoles, or granules, are present so that 
other cell organelles are evident. Bar equals i~ 

Fig. 7. Transmission electron micrograph of a section of the acinus scanned in Figure 2d. Short 
clumped rnicrovilli are present on the apical surface of the cells, the platinum-carbon coating for SE~ 

is also evident on the surface of the cells. No secretory vacuoles or granules are evident. ]Bar 

equals 1 
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Fig. 8. Transmission electron micrographs of the BPH acinus in Figures 2a and b. a) Long pro- 

jections on surface of cell probably represent ruffles• b) Structure indicated by arrows are also 

ruffles• ]Bar equals 1 

I 
÷~ • 

and numerous secretory vacuoles are present. 
A few mitochondria are present but other cell 

organelles are not evident in this section. 

Figure 6 is a representative section of the 

acinus in Figure 2c though sectioned through 
a slightly different area as evidenced by the 

granular secretions present in the lumen. 
Granular secretion would give the cells in 

this section the appearance of Figure 10b when 
viewed in the scanning electron microscope. 
The apical membrane surfaces are bare but 
undulating. Convoluted eisternae of rough 

Fig. 9. Transmission electron micrograph of 

a cell from the BPH acinus in Figure 2d. 

Microvilli are 1 to 1.5[L length; this cell is 
probably similar in surface structure to the 
cell in the center of Figure 2d. Bar equals l{t 
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Fig. i0. Scanning electron micrographs il- 
lustrating suggested modes of secretion in 
prostate acini, a) Cells exhibit bleb-like pro- 
jections (0.25-i.08 diameter) attached by stalks 
to the cell surface. Bar equals 1 ~. b) Cells 
exhibit blebbing and are also covered with a 
flocculent granular secretory substance, which 
obscures surface morphologies. Bar equals 
3~. c) Cells in a well-differentiated 
adenocarcinorna tissue which exhibit blebs and 
craters. Bar equals 2~. d) A crater in an 
acinar cell surface (from 10c). Partial lining 
of the crater is evident; microvilli are in- 
dicated by arrow. ]Bar equals 0.5~. e) A 
secretory globule with a possible crater and 
ruffling of the cell membrane (from Fig. 10c). 
Bar equals 0.5~t 
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Fig. ii. Transmission electron micrographs 
illustrating suggested modes of secretion in 
prostate acini, a) Arrow indicates bleb at- 
tached to surface of acinar cell by stalk. Bar 

equals 0.Su. b) Arrow indicates an acinar 
cell from well-differentiated adenocarcinoma 
tissue. Three secretory vacuoles have fused 
with the apical membrane and their products 
(one is indicated by arrow) are extruded into 
the lumen. A fourth granule is nearing the 
acinar cell surface. Bar equals 1 ~. c) An ap- 
ocrine secretory body filled with an 
amorphous substance is present which is 
partially surrounded by an extension of the 
acinar cell surface. Bar equals 1 

endoplastic reticulurn are present in both 
cells. Numerous mitochondria are present 
in the perinuclear region though perhaps not 
as well preserved as those acini prepared 
directly for TEM. The Golgi apparatus and 
secretory vesicles are difficult to identify 
though three structures are present which 
appear to be lipid bodies. The nuclei are 
situated in the basal region and prominent 
nucleoli are present. Junctional complexes 
are evident near the luminal surfaces of the 
cells. 

Figure 7 is a section of the acinus shown 
in Figure 2d. Most of the cells exhibit the 
clumped microvilli evident in the scanning 

electron micrograph. Very few cellular 

organelles are present; though some rough 
endoplasmic reticuhm and several mitochon- 
dria can be distinguished. Few secretory 
granules or vesicles are present. 

Figures 8a and b are representative of other 
sections of the acinus shown in Figures 2a 
andb. One cell in Figure 8a contains electron- 
dense secretory granules and has short 
stubby apical projections (0.15~ diameter, 

0.15-0.3~ length). The second cell in Figure 
8a also contains secretory granules; and 
the apical membrane has several extremely 
long extensions (2.5~). The cells in Figure 8b 
contain many secretory vesicles, both 
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electron-dense and filled with granular 
material. Structures which appear to be ruffles 
(0.3-0.6~ height) are indicated by arrows. 
The second cell in Figure 8a would correspond 
to Figure ic; the surface structure of the 
center cell in Figure 8b also corresFonds to 
that of the cells in Figure ic. 

Figure 9 is a section of the acinus in 
Figures 2a and b showing a single cell and its 

surface projections. The length, (1.2u) of 
the microvilli classify it as an acinar cell 
with long microvilli (such as Figs. ib and 2d). 
This cell contains numerous electron-dense 
secretory granules as well as secretory 

vacuoles. 
The three types of acinar cell surface 

morphologies which are present when prostate 
tissues are examined in the scanning electron 
microscope are also present in transmission 

electron micrographs of the same acinus. 
Figures 5 and 6 are representative of the 
bare cells; Figures 8a andb, of the ruffled 
cells; and Figures 7 and 9, of the microvillous 

cells. 

Secretion 

Prostate acinar cells are secretory cells and 
the scanning electron microscope has present- 
ed an opportunity to study the possible 
secretory mechanisms and products of acinar 
cells. The apical portion of the acinar cell in 
Figure 10a has severalbleb-like projections 
attached to its surface by stalks. These 
projections may correspond to apocrine secre- 
tion. Scanning electron micrographs 10b-e 
can be interpreted in a similar manner. Blebs 
of varying sizes (0.4-1.4[L diameter) are 
present on the apical surfaces of the cells; 
similar globules also appear free in the acinar 
lumen. Only the blebs and free globules are 
generally seen; though, in less than 0.5 % of 
the acinar cell population craters in the cell 
surface may occur in the same areas as the 
blebbing. The craters have a demonstrable 
lining (Figs. 10d and 10e); in Figure 10d 
microvilli can be identified in the crater. It is 
possible that craters may also be a part of 
the secretory process of prostate cells. The 
most frequently seen secretory product is the 
flocculent granular material in 10b which 
obscures the acinar cell surface structure. 

The transmission electron micrographs 
in Figures lla-c can be correlated with the 
scanning electron micrographs of Figures 
10a-e. In Figure lla, three membranous blebs 
(0.2-0.7t, diameter) are adjacent to the apical 
cell membrane; the largest bleb is attached 
by a stalk-like projection to the apical cell 
membrane. These blebs are the same size 
range as those in Figure 10a (0.2-0.8u dia- 

meter). The membranes of four secretory 
vacuoles have fused with the apical cell 
membrane in Figure llb and are in the process 
of emptying their products into the lumen of 
the acinus. In Figure llc the apical portion 
of the cell is filled with secretory vacuoles. 
There is a ruffle of the cell membrane and 
within the area enclosed by the ruffle is a 
membrane enclosed amorphous secretory body. 
Transmission electron micrograph llc ap- 
pears to be analogous to scanning electron 
micrograph 10e. The transmission electron 
micrograph in Figure 5 may be illustrative 
of the situation shown in Figure 10e. Several 
secretory vacuoles have combined with the 
cell membrane and their contents appear ex- 
truded into the acinar lumen. One secretory 
vacuole at the apex of the cell (0.7 u diameter) 
and another on the right side of the apical 
membrane (0.6,L diameter) have created 
blebs in the cell's apical surface. 

DISCUSSION 

Recent studies of several human tissues have 
sought to determine if there are differences 
among the surface morphologies of normal, 
benign, and neoplastic tissue which can be 
defined by SEM (7, 8, 12, 24, 28, 31, 32, 35). 

In a previous publication Stone et al. 
stated that "though areas of heterogeneous 
acinar cells can be seen in BPH tissues, the 
acinar cells of the neoplastic prostate are 
consistently more heterogeneous in size and 
shape than the acinar cells of benign hyper- 
plastic tissues". There are certain restric- 
tions which must be considered in such a 
statement; one restriction involves the stage 
of differentiation of the neoplastic cell. 
Moderate- to poorly-differentiated carcinomas 
show much heterogeneity in acinar cell size 
and shape but a well-differentiated adeno- 
carcinoma does not. It is impossible to differ- 
entiate between a normal, BPH, or well- 
differentiated carcinoma cell on the basis of 
its size or shape. 

The heterogenity in size and shape of 
carcinoma cells in the prostate parallels the 
observation by Spring-Mills that carcinoma 
cells in mammary ducts show a greater varia- 
tion in size and shape than mammary duct 
ceils in "normal" areas (32). Stew has ob- 
served that carcinoma cells of the colon vary 
in size and shape compared to the uniform 
size, shape, and polarity of normal colon 
cells (31). Both the Spring-Mills and Stew 
studies indicate that differences in surface 
morphology (i. e. pleomorphic microvilli) may 
provide another distinguishing factor between 
"normal" and cancerous areas; Polliack has 
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also suggested, in a study of leukaemic cells, 
that surface morphologies may provide a 
useful adjunct in the study and eventual 

diagnosis of leukaemia. In certain leukaemias 

the microprojections, such as microvilli and 
ruffles, of leukaemic cells are better develop- 
ed and larger than those of normal cells (24). 

Though several classes of surface mor- 
phologies exist in prostatic carcinoma cells, 
they do not seem to differ qualitatively or 
quantitatively in the normal, BPH, or well- 
differentiated carcinoma acini. The most 
numerous class of cell is the microvillous cell. 
Variation in the number of microvilli from 
very sparse (2.5/100 sq.u) to numerous, 
clumped microvilli covering the entire surface 
of the cell is striking, as is the variability in 
the length of the microvilli from short, 
stubby projections (0.i-0.2a length), to long 
finger-like projections (1-1.5~ length). 

There is great variation in the number and 
structure of projections which have been 
generally classified as "ruffles": short pro- 
jections termed microplicae, or ridge-like, 
and more exaggerated structures which are 
actual ruffles. Ruffled cells have been identi- 
fied in rat kidney collecting tubules (i, 5, 37), 
dog kidney collecting tubules (M. P. Stone, 
unpublished observations), the stratified 
squamous corneal epithelium of many 
species (2, 13, 15), and human lymphocytes 
and monocytes (17, 24, 25, 26). Some con- 
troversy has existed as to whether the ridge- 
like structures of human corneal epithelial 
cells are actually collapsed microvilli (22). 
The ruffles, or ridge-like structures, of the 
prostate apical cell membranes are clearly 
demonstrated by scanning electron stereomi- 
crographs and transmission electron micro- 
graphs. 

The bare cells mentioned previously are of 
two types, those with undulating membranes 
and those which appear as balloon-like 
structures. TEM sections (M.P. Stone, un- 
published) suggest that the balloon-like 
structures are artifacts due to improper fixa- 
tion. Transmission electron micrographs 
indicate that the smooth-surfaced balloon-like 
structure contains a very dispersed "watery" 
cytoplasm described previously (4). The bare 
cells with undulating membranes (Figs. 4, 
5, and 6) demonstrate the general ultrastruc- 
ture for prostate cells. The basal cytoplasm 
is generally compact. The round, or ovoid, 
nucleus is located in the basal portion of the 
cell, and the double membrane surrounding 

the nucleus is evident in most sections. 
Identifiable lipid droplets often appear in the 
perinuclear region. The Golgi apparatus and 
the endoplasmic reticulum are generally dif- 
ficult to identify in those cells with numerous 

secretory vacuoles. Convoluted cisternae of 

rough endoplasmic reticulum are present and 
mitochondria are scattered throughout the 
cytoplasm of the cell. Often the mitochondrial 
cristae are short and incomplete (as in Fig. 6) 
- a characteristic iVfao et al. described for 
cuboidal acinar cells (20). The appearance of 
the mitochondria may be due to consecutive 
processing to SEM and TEM or to the lapse 

of time between excision and fixation of the 
tissue. Since the mitochondria of tissues 
processed only for TE]VI often have the same 
swollen appearance, the problem is probably 
one of poor fixation. 

Though cell surface morphologies do not 
distinguish between normal, BPH, and well- 
differentiated adenocarcinomas there are 
limiting factors in this study. Proper fixa- 
tion, as mentioned previously, is a problem. 
These samples are human tissues and, there- 
fore, cannot be infused with fixative as is 
possible in animal model systems. The time 
of fixation after excision varied within an 
hour limit; this could have resulted in some 
distortion of acinar cell morphology. The 
criteria used to label acini as normal, BPH, 
and adenocarcinomawere size, shape, and the 
ordered arrangement of structural com- 
ponents. Though similar numbers of BPH 
(24) and adenocarcinoma (21) tissues were 
examined, significantly fewer acini could be 
identified as adenocarcinoma than BPH based 
on these criteria. The normal acini examined 
in this study were from adenocarcinoma 

tissues which had only discrete foci of 
adenocarcinoma. Attempts were made to 
obtain normal prostatic tissue at autopsy, but 
these samples generally proved unsuitable for 
SEIV~, either because of infection of the 
tissue, age of the patient, or time lapse be- 
fore fixation of the tissue. The presence of 
prostatic secretion (as in Fig. 10b) could also 
have prejudiced the results. Several wash 

procedures were initiated to clear the acini 
of secretion but all proved detrimental to the 
surface structure of the scanned acinar cells; 
thus only those glands free of secretion during 
fixation could be examined for surface struc- 
ture detail. These factors may have influenced 
the quantitative results of this study; how- 
ever, all types of cell surface morphologies 
are present in normal, BPH, and adenocarino- 
ma acini. The three types of cell surface 
morphologies could be distinguished in a 
single scanning electron micrograph of a 
moderately-differentiated adenocarcinoma 
where the acinar cells were present in cords 
and sheets (35). This is rarely found; general- 
ly the acinar cells of poorly-differentiated 
adenocarcinomas present a different surface 
morphology than those described for the acinar 
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cells of normal, BPH, or well-differentiated 
adenocarcinomas. The cells of poorly-differ- 
entiated adenocarcinomas often appear in 
sheets rather than in acini and are devoid of 
surface structure. Critical point drying 
artifacts are more often seen in the poorly- 
differentiated adenocarcinomas than in the 
other tissues. The appearance of invasive 
prostatic acinar cells is similar to that found 
in mammary duct invasive carcinoma (32). 

Though cell surface morphologies do not 
indicate the pathological state of the cell, cell 
surface morphology may provide information 
about the secretory state of the cell. The thin 
sections suggest a difference in the number of 
secretory granules and their content in cells 
with different surface morphologies. Acinar 
cells with elaborate microprojections often 
contain numerous secretory granules, many 
of them electron-dense. Acinar cells with 
short microvilli, or little surface structure, 
also contain secretory granules; however, 
these secretion granules are less numerous, 
less electron-dense, and not generally in 
close apposition to the apical membrane. 

Both apocrine and merocrine secretion 
have been described for the human prostate 
(20). Apocrine secretion, in its original 
context, is the loss of the apical portion of 
the cells (3, 20) though this term has been 
used recently for the formation of blebs on 
the apical surface of the cell which eventually 
pinch off from the cell surface (41). Merocrine 
secretion involves the fusion of the secretion 
vacuole membrane with the cell apical 
membrane and the discharge of secretory 
materials into the acinar lumen. Combination 
SEM and TEM studies provide an important 
aid in viewing prostate secretion. The scan- 

ning electron micrographs illustrate several 
important variations in the form of secretions 
found in the acinar lumen. The fine granular 
material covering the cells in Figure 10b 
appear to illustrate merocrine secretion. 
Merocrine secretion is illustrated in the trans- 
mission electron micrographs Figure 5 and 
Figure llc where small granules are extruded 
from the cell and are observed in the acinar 

lumen. 
In Figure 10a a membrane enclosed bleb 

attached by a stalk-like projection to the cell 
surface may contain a secretory product. If 
so, it should eventually appear as a membrane- 
enclosed body in the acinar lumen. Numerous 
TEM sections appear to support this mechan- 
ism of secretion both in the prostate (3, 9, 
20),and in mammary tissue (ii, 16, 40, 41). 

Figures 10c-e illustrate an interesting 
phenomenon - the appearance of "craters" in 
the surface of the cell with membrane-en- 
closed bodies in close apposition. There has 
been uncertainty concerning the origin of such 

"craters". It has been argued that they are 
simply artifacts created by the collapse of 
apical vacuoles (15). However, the "craters" 
have a membrane "bottom" when photographed 
in stereo pairs. Holes in the cell membrane 
due to fixation and preparation artifacts have 
a different appearance; their outline is less 
smooth and there is no obvious membrane 
lining. The crater in Figure 10d could illus- 
trate the phenomenon seen in Figure 1 ib where 
three secretion vacuoles have fused with the 
cell membrane and a fourth vacuole is nearing 
the cell surface. There is another secretory 
mechanism which would explain the craters 
and their relationship with the membrane 
enclosed bodies. Prostatic secretion contains 
lipid, much of it present in the form of 
globules (21, 23, 30). Studies of mammary 
tissue have shown that milk fat bodies are 
formed by apocrine secretion but there are 
indications that variations may occur in that 
process. Wooding (41) has described a process 
for the extrusion of milk fat bodies which 

would resemble Figures 10e and 10e (41). The 
milk fat body creates a bulge in the apical 
membrane and other vesicles fuse with the 
apical cell membrane causing invaginations. 
Clefts are formed beside the lipid body present- 
ing a structure similar to the ruffles in 
Figure 10e and Figure llc. The lipid body en- 
closed in cellular membrane is pinched off 
and the cell is left with a disrupted membrane 
in a crater-like depression which is quickly 
repaired. While this explanation is highly 
speculative it may represent a plausible 
mechanism for extrusion of lipid in the prostate 
and a plausible explanation for the relation of 
ruffles and both rnerocrine and apocrine 

secretion. 
The final objective of this study is to 

attempt to correlate cell surface morphologies 

of prostatic acinar cells in tissue with cells 
cultured in vitro. It has been shown that the 
cells in tissue culture retain their surface 
morphology as they spread onto the surface of 
the petri dish (Fig. 3). At least a portion of 
the cells in culture are prostatic acinar cells, 
but there are no definitive surface morphologi- 
cal markers which prove that none of these 
cells are of endothelial origin. The great 
heterogeneity of cell surface morphology in 
well-differentiated adenocarcinoma, BPH, and 
normal tissues prevents a correlation of cell 
surface structure and tissue pathology. It also 
appears improbable that the surface morpholo- 
gy of a tissue culture cell can be used to 
correlate that cell with the pathology of the 
original acinar cell. 
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