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Abstract Human endopeptidase 24.11 (EP) occurs in 
greatest abundance on terminally differentiated prostate 
cells; thus, loss of EP could mark dedifferentiation of 
prostate epithelium. To identify laboratory models that 
would permit continuous work on the biochemistry and 
hormonal regulation of EP, we examined the well- 
differentiated LNCaP and poorly differentiated PPC-1 
human prostate cancer cell lines. Ultrastructural analysis 
revealed that LNCaP secretes electron-dense material 
that resembles the particulate matter of seminal plasma, 
which is associated with endopeptidase activity. LNCaP 
medium contained EP activity while PPC-1 medium did 
not. Whether the apparent deletion of EP from the 
PPC-1 cell line is characteristic of poorly differentiated 
prostate adenocarcinoma is not yet clear. However, it 
may be relevant to the carcinogenic process that EP can 
limit growth of lung small carcinomas by inactivating 
cell growth-promoting bombesin-like peptides. Because 
bombesin has been identified in aggressive human 
prostate cancers, loss of EP in PPC-1 could represent a 
necessary step in transformation to aggressive pheno- 
type. The combination of LNCaP and PPC-1, which 
offers well-differentiated and poorly differentiated cancer 
phenotypes, appears well suited to studying the rele- 
vance of EP in prostate cancer biology. 
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Human semen contains submicroscopic particles, 
-130 nm in diameter, secreted by prostate acinar cells 
[9]. These particles, called prostasomes, present oppor- 
tunities for direct and detailed analyses of prostate aci- 
nar gene expression and those disorders of gene 
expression that may be characteristic of prostate cancer. 
Prostasomes have a trilaminar outer membrane and an 
electron-dense amorphous core [2]. During ejaculation, 
prostasomes are released from acinar cells,4Primarily by 
exocytosis, in enormous numbers (-10 ~ /ml seminal 
plasma) [3]. Acinar cell apical inclusion bodies are now 
known to be intracellular stores of prostasomes [2]. As 
expected for a prostate secretion, prostasomes are pre- 
sent primarily in the second of six fractions of split 
ejaculates, along with acid phosphatase and prostate- 
specific antigen [9] and are undiminished by vasecto- 
my [10]. Prostasomes remain suspended in seminal 
plasma under conditions in which spermatozoa are 
precipitated (centrifugation at 900 g for 10 min) [10]. 

Overall, development of a thorough understanding of 
prostasomes could provide dividends in terms of im- 
proved understanding of acinar cell (and prostate gland) 
function and dysfunction. Further, the methods required 
for obtaining prostasomes are noninvasive and accept- 
able to a large number of adult males who may have 
asymptomatic disease of the prostate but who are at 
risk. Thus, diagnostic studies for prostate diseases such 
as prostate cancer can be envisioned that, procedurally, 
are extensions of routine tests in male fertility clinics. 

We have previously identified that endopeptidase 
24.11 (EP) is among the proteins present in the prosta- 
somal fraction of normal ejaculate (unpublished ob- 
servations). However, because it is quite likely that 
prostasomes contain many functional proteins, a labo- 
ratory model that can be maintained and hormonally 
manipulated is essential for long-term biochemical and 
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molecular work; prostate epithelial cell lines could serve 
as initial models. With evidence that prostasomes con- 
tain specific endopeptidase activity, we set out to char- 
acterize a cell line(s) that could serve as a laboratory 
model of prostasome secretion and that would allow 
detailed biochemical analysis. 

Materials and methods 

The culture of well-differentiated, androgen-sensitive LNCaP and 
undifferentiated, androgen-insensitive PPC-1 human prostate can- 
cer cell lines has been previously described [7]. For the purpose of 
the experiments, cells were grown in 10-cm dishes and harvested for 
enzymatic assays after 1 week, at 50% confluence. Culture media 
were collected by aspiration, and the cells were washed 3 times with 
serum-free phosphate-buffered saline. Cells were then scraped from 

the culture plate and collected by aspiration. Cell suspensions were 
sonified for 3 s. 

Cell fractions were prepared as previously described (see in- 
troduction and references cited), In brief, centrifugation at 1000 g 
for 10 min provided supernatant 1 and precipitate 1. The super- 
natant was brought to a final concentration of I0 mM MgC12 and 
stored at 5°C; MgC12, a lipid membrane-aggregating agent, facili- 
tates precipitation of prostasomes at relatively low g-forces (our 
unpublished data). The next day, the supernatant was centrifuged 
at 11 000 g for 120 min to obtain supernatant 2 and precipitate 2 
(precipitate 2 of seminal plasma contains prostasomes and their 
enzymatic activity). 

EP activity was measured by radiochemical methods as we have 
previously described [11, 12] , using glutaryl-Ala-Ala-Phe@H]ani- 
lide (GAAFan), 25 nM, in 0.05 M MES buffer,3PH 5.7 at 37°C 
[11]. GAAFan is hydrolyzed by EP to yield Phe-[ H]anilide as the 
radioactive product. The reaction obeys first-order enzyme kinetics, 
which enabled direct measurement of the first-order rate con- 
stant, Vm~x/Km. Protein was measured via the bicinchoninic acid 

Fig. 1 Transmission electron 
micrographs of normal human 
seminal plasma (MgC12 frac- 
tion), LNCaP, and PPC-1 
human prostate cancer cells 

Seminal Fluid 
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(20,165x) 

LNCaP 
(18,285x) 

PPC-1 
{18,285x) 
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Table 1 Endopeptidase 24.11 specific activity in LNCaP and PPC- 1 

Vmax/K m (g prot./1) 

Conditioned medium LNCaP PPC-1 

Whole medium 0.0018 0 
Supernatant 1 0.0012 0 
Precipitate 1 0.0496 0.0012 
Supernatant 2 0.0083 0 
Precipitate 2 0.0569 0.0015 

Whole cells LNCaP PPC-1 

Whole medium 1.0410 0.0126 
Supernatant 1 0.9392 0.0184 
Precipitate 1 0.7786 0.0030 
Supernatant 2 0.1739 0.0164 
Precipitate 2 14.0630 0.0310 

procedure (Pierce Chemical Co.) and expressed in grams per liter. 
EP-specific activities were computed by dividing Vmax/Km per minute 
by protein concentration and expressed in liters per gram per 
minute [11, 12]. The latter units divided by the second-order con- 
stant, koJKm, yield specific activities in moles EP per gram protein. 

Transmission electron microscopy was performed by methods 
we have previously described [13]. 

Results 

The media of both cell lines contained particulate mat- 
ter. To test the structural resemblance of this material to 
seminal plasma fractions associated with endopeptidase 
activity, we performed transmission electron microsco- 
py (Fig. 1), which demonstrated that LNCaP, but not 
PPC-1, secretes material that strongly resembles the fi- 
brillar and electron-dense matter found in the MgC12 
fraction of seminal plasma. 

Three separate experiments showed that medium 
with 10% fetal bovine serum (FBS), but without cells, 
had no measurable enzymatic activity (not shown). 
However, conditioned medium contained measurable 
EP activity (the results from one representative experi- 
ment are shown in Table 1). Of note, however, was the 
complete absence of EP activity in the undifferentiated 
cell line PPC-1. 

Discussion 

These results provide anatomic and biochemical support 
for the use of human prostate cancer cell lines as models 
for research into the structure and function of prosta- 
somes and the associated EP activity. In this regard, 
the well-differentiated cell line LNCaP appears to 
possess more characteristics associated with human 
prostasomes. By contrast, the undifferentiated cell line 
PPC-1 does not secrete anatomic material resembling 
the MgC12 fraction (precipitate 2) of seminal plasma. 
Also, PPC-1 appears completely devoid of the EP ac- 
tivity associated with prostasomal fraction. 

The last observation is potentially relevant to the 
highly aggressive behavior of PPC-1. It is known that EP 
antagonizes the growth-promoting actions of gastrin- 
release peptide/bombesin. In the lung, for example, EP 
hydrolyzes bombesin-like peptides, thereby slowing 
growth of small cell lung cancers [1, 14]. Because ciga- 
rette smoke inactivates EP and because small cell lung 
cancers tend to occur in smokers, the observations form 
part of a putative pathoetiologic model of small cell lung 
cancer. Similar models can be constructed for human 
prostate cancer. It is known that human semen contains 
bombesin-like activity [5]. It is also known that bom- 
besin and vasoactive intestinal peptide increase the ma- 
lignant behavior of human prostate cancer cells [6], 
including LNCaP and PC-3 (the less aggressive parent 
line of PPC-1); vasoactive intestinal peptide, like 
bombesin-like peptides, is metabolized by EP [4]. Be- 
cause human prostate cancer cells can secrete bombesin 
and vasoactive intestinal peptide, one may reasonably 
hypothesize that the deletion of EP is a critical event in 
malignant transformation of human prostate cancers. 
This reasoning has been presented as an underlying ra- 
tionale for new chemotherapeutic approaches to human 
prostate cancer [8]. 

Overall, the observations regarding the anatomic and 
functional endopeptidase characteristics of LNCaP in- 
dicate that it is a reasonable choice for initial studies of 
endopeptidase biology in human prostate epithelium. 
The usefulness of the PPC-1 cell line for the study of 
endopeptidase deletion in prostate carcinogenesis must 
await the availability of more direct analyses of endo- 
peptidase activity in clinical samples. It is hoped that 
these observations and the derivative work will open 
the way to identification of new markers of prostate 
cancer. 
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