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Matrix metalloproteinases (MMPs) in fresh human
prostate tumour tissue and organ-cultured prostate
tissue: Levels of collagenolytic and gelatinolytic MMPs
are low, variable and different in fresh tissue versus
organ-cultured tissue
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Summary Prostate tissue was obtained from 22 radical prostatectomies (performed for clinical management of prostate carcinoma)
immediately after surgery. A small piece of tissue was fixed immediately in formalin and used for routine histology while a second piece was
frozen in OCT and used for immuno-histochemistry. Another small piece was used for isolation of epithelial and stromal cells. The remainder
of the tissue was cut into 2 x 2 mm pieces and incubated in organ culture for 8 days. In organ culture, non-malignant, basal epithelial cells
underwent a proliferative response. This was accompanied by de-differentiation of glandular structures and by migration of epithelial cells
across the surface of the tissue. Erosion of the basement membrane could also be seen in places, but was not widespread. Invasion of
epithelial cells into the adjacent stroma was not evident. Production of matrix metalloproteinases (MMPs) with gelatinolytic activity or
collagenolytic activity was assessed in organ culture and compared to expression patterns in fresh tissue. MMP-1 (interstitial collagenase)
and MMP-9 (92-kDa gelatinase B) were undetectable or low in fresh tissue specimens. Both enzymes were detected in organ culture and
both increased over time. Even after 6 days, however, there was only a low level of gelatin-hydrolytic activity and no measurable collagen-
hydrolytic activity. In past studies we used organ cultures of normal skin and malignant skin tumours (basal cell carcinomas) to help elucidate
the role of collagenolytic and gelatinolytic MMPs in epithelial cell invasion (Varani et al, 2000). Compared to MMP levels observed in skin,
levels of these enzymes in prostate are low. The low level of collagenolytic and gelatinolytic MMPs in fresh prostate tissue and in organ-
cultured prostate tissue may help explain why there is little tissue destruction in many primary prostate tumours and why the majority of such
tumours remain confined to the prostate for extended periods. © 2001 Cancer Research Campaign http://www.bjcancer.com
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The matrix metalloproteinases (MMPs) are a family of geneticallyprostate or benign prostate hyperplasia (BPH). Not all investiga-
related hydrolytic enzymes that together have the capacity ttors have demonstrated this relationship, however. Lokeshwar et al
degrade virtually every component of the extracellular matrix(1993) found higher MMP-9 expression in BPH than in prostate
(Khokha and Denhardt, 1989; Murphy and Docherty, 1992cancer, but higher MMP-2 expression in tumour tissue. Stearns
Crawford and Matrisian, 1996). A role for MMPs in experimentaland Wang (1993), Montironi et al (1995, 1996), and Still et al
tumour invasion and metastasis is suggested by a variety ¢2000) also demonstrated increased MMP-2 (72-kD gelatinase A)
evidence (Khokha et al, 1989; DeClerck et al, 1991; Alexandeexpression in prostate carcinoma, while Upadhyay et al (1999)
and Werb, 1992; DeClerck et al, 1992; Cha et al, 1996; Imren et dipund no overall change in level of MMP-2 expression between
1996). Although there is little direct evidence for MMP function in normal and malignant prostate tissue but a change in distribution
human tumour spread under in situ conditions, MMP expression igattern. In contrast to the expression of these gelatinolytic
elevated in various human tumours relative to the normal counteenzymes (with type IV collagenolytic activity), there is little
part tissues (McDonnell et al, 1991; Muller et al, 1991, 1993; Gragvidence for elaboration of enzymes which can degrade interstitial
et al, 1992; Pyke et al, 1992; Assam et al, 1993; Majmudar et atonnective tissue. Pajouh et al (1991) reported that mRNA for
1994; MacDougall et al, 1995; Murray et al, 1996; Johansson et dliMP-1 (interstitial collagenase) was not detectable in either
1997). normal or malignant prostate specimens. MMP-1 immunoreac-
In regards to prostate cancer specifically, Hamdy et al (1994)vity was detected in plasma of prostate cancer patients, but the
and Festuccia et al (1996) reported elevated levels of MMP-9 (92Zxmount detected was not significantly different from amount
kDa gelatinase B) in prostate tumour tissue relative to normgbresent in normal volunteers (Jung et al, 1997). Finally, Wilson
et al (1993) identified enzymes with caseinolytic activity (consis-
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Although these past studies clearly indicate that several MMPBiaminobenzidine was used as the chromogenic substrate, anc
are elaborated in prostate tumours and suggest differencéissue were counterstained with haematoxylin. A rabbit polyclonal
between malignant and non-malignant tissue, the heterogeneity igG antibody to MMP-1 was obtained from Chemicon (Temecula,
prostate tumour presentation and the variability in the analyticaCA). Monoclonal antibodies to MMP-2, MMP-9 and MMP-13
methods used make elucidating the relationship between enzymeere obtained from Oncogene Sciences (Cambridge, MA).
elaboration and disease-state difficult to ascertain. Furthermoréntibody specificity was established based on reactivity with puri-
the presence of active forms of the enzymes has not been estdied MMPs in Western blots, reactivity with appropriately sized
lished in these studies, and the biological significance of thenoieties in organ culture fluids and a lack of reactivity with other
reported differences is unclear. In the present study, a combinati@ized moieties in the same culture fluids (Varani et al, 2000). A
of approaches has been employed to assess expression neduse monoclonal IgG1l antibody (Oncogene Sciences) and a
collagenolytic and gelatinolytic MMPs in prostate tissue removedabbit polyclonal 1IgG antibody (R & D Systems, Minneapolis,
for treatment of prostate carcinoma. We report here that gelatMN) were used as controls.
nolytic and collagenolytic MMPs can be detected in freshly
isolated prostate tissue or in short-term (2—3 day) organ cultur
Expression is heterogeneous from tissue to tissue, consistent wi
the variation in disease presentation. Expression patterns in fre3lissue for organ culture was cut into pieces approximately 1.5—
tissue and organ-cultured tissue also differ. Enzyme level2 mm in size and incubated in wells of a 24-well dish; each well
measured in vitro appear to primarily reflect production by noncontained 5-6 tissue pieces in 0.5 ml of culture medium. The
malignant components rather than malignant cells. Perhaps mastlture medium was Keratinocyte Growth Medium (KGM)
interesting, overall levels of the collagenolytic and gelatinoltyic(Clonetics, Inc, Walkersville, MD). KGM is a serum-free modifi-
MMPs are low in prostate tissue relative to other tumours (focation of MCDB-153 medium, supplemented with a combination
example, basal cell carcinomas of skin) that have been examined growth-promoting agents including epidermal growth factor
in the past with the same approaches (Varani et al, 2000). The la¢®&. 1 ng mt?), insulin (0.5ug mY) and pituitary extract (2%). It
of tissue destruction and the relatively low invasive potential ofvas further supplemented with CaQb bring the final C#
the majority of prostate tumours may be reflective of this. concentration to 1.4 mM and with 800 ng-hdihydrotestosterone
(DHT). Cultures were incubated at 37°C in an atmosphere
containing 5% CQand 95% air. Fresh culture medium was
provided at 2—3 day intervals.

At the end of the incubation period (day 8), tissue pieces were
fixed in 10% buffered formalin and stained with haematoxylin and
eosin. Histological features were compared to those seen at time:
Human prostate tissue was obtained from 22 radical prostatezero. Sections from the same tissue pieces were also stained witl
tomies immediately after surgery. In all cases, a diagnosis an anti-cytokeratin antibody (K903), from Boehringer Mannheim
prostate carcinoma had been previously made based on a 6 neelllechemicals (Indianapolis IN). This antibody recognizes high
biopsy protocol, and in all cases there was no evidence of tumounolecular weight keratins expressed by normal basal epithelial
spread beyond the prostate at the time of surgery. 5 of the tumousslls in the prostate but not expressed in prostate carcinoma cells
were classified as Gleason grades 4 or 5; 13 were classified @¢lakin et al, 1984). Additional sections were stained with an anti-
Gleason grade 6 or 7; and the remaining 4 were of higher gradeésdy to the proliferation-associated antigen, Ki-67 (Key et al,
(grades 8-10). The percentage of the tumour component within tH993). This antibody (MIB-1) was obtained from Immunotech
tissue ranged from 1-90%. Routinely, we were able to obtain 1-@NVestbrook, ME). Ki-67 staining was used to confirm that epithe-
cm® of tissue from areas of the prostate in which tumour wadial cell expansion did, in fact, reflect a proliferative response.
present. In addition, areas of the prostate in which no tumour wdsnally, sections were stained by the Periodic Acid-Schiff (PAS)
identified histologically were also available in most cases. Prostatmethod and used for basement membrane evaluation. The
intra-epithelial neoplasm (PIN) and/or BPH were present in sompercentage of the gland surrounded by PAS-positive material was
of these tissue specimens. Upon arrival in the laboratory, a smadktimated and scored as 0, 0.25, 0.5, 0.75 or 1.0, where 0 indicate
piece from each specimen was fixed in 10% buffered formalina complete lack of PAS-positive material around the gland and 1.0
stained with haematoxylin and eosin and evaluated for amount d@fidicates a complete encompassing of the gland with PAS-reactive
tumour present and histological features of the tumour. A seconahaterial. Some sections were also stained with PAS-methenamine
tissue piece was frozen in OCT immediately after surgery and usegilver to confirm PAS results. PAS-methenamine silver is more
for immunostaining. Additional tissue pieces were used for thepecific for basement membrane, although cellular architecture is
isolation of epithelial cells and stromal (fibroblast-like) cells in lost (Varani et al, 1999).
monolayer culture (see below) and the remainder was incubated inUsed organ culture fluid was collected at each media change
organ culture (see below). and analysed for MMP-1, MMP-2, MMP-9 and MMP-13 by a
combination of zymography, Western blotting and specific
substrate degradation assays (see below).

rgan culture procedures and assessment

MATERIALS AND METHODS

Tissue source

MMP immunohistology

Tissue frozen in OCT was examined by immunoperoxidas
staining for MMP-1, MMP-2, MMP-9 and MMP-13 expression as
described previously (Varani et al, 2000). Briefly, frozen sectiongrostate epithelial cells and stromal cells were isolated and charac:
were mounted on glass slides coated with poly-L-lysine anderized as described in a recent report (Varani et al, 1999). Epithelial
stained using the ABC method (Vector Labs; Burlingame, CA)cells were defined on the basis of cobblestone morphology. Normal

?solation of cells from prostate tissue
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basal epithelial cells and malignant epithelial cells were distin .. . ’

370 .
guished on the basis of reactivity with anti-keratin antibody K90z :ﬂ‘; v Lk Y :_' _,ﬁ{:"}%‘ ‘.":_‘.'f,; W _'/; " A
(Makin et al, 1984). Virtually all of the epithelial cells that grew in L g - "_. ¥ ”“ .gf;,r";_r s _—‘-.’.f:_-;'. (% & o
monolayer culture were strongly positive (indicative of normal basa B , ‘,’ Y/ ,'/,f "‘*Za‘.'\‘: ,\; " g
cells). Stromal cells were identified on the basis of spindle-shap V= _.-'-.;f_;. f;?‘i'f’_lf@g‘ll v i
and a lack of staining with keratin antibodies. Of the stromal cell: f‘_'}-'.;,*?-‘;." -‘fﬂ*‘-);'d‘.;j::‘.-‘ *.d‘\,’ A ';ll . 2
isolated, approximately 5-10% were identified as smooth muscl ¥ 4 fea’ . }} ‘g’-.\ ; 4, " ,‘
cells on the basis of reactivity with desmin and smooth musch "~ ',':,' % /',3"1 RO
a-actin and 10-15% were identified as myofibroblasts on the bas " * .1' e 4)"“.‘% W, ) 4 P AR :
of reactivity with smooth muscle-actin but not desmin. Occasional UL SRS o

cells (<1%) stained with antibody to von Willibrand factor and were
identified as endothelial cells. The remaining cells stained with non
of these markers and were identified as fibroblasts.

Substrate-embedded enzymography

SDS-PAGE substrate-embedded enzymography (zymograph
was used to identify enzymes with collagenase and gelatinas
activities. Assays were carried out exactly as described in
previous report (Gibbs et al, 1999). Briefly, denatured but non
reduced culture fluid samples were resolved in 7.5% SDS-PAGI
gels prepared with the added incorporation of gelatin (1 mf ml
or 3-casein (1 mg mt) prior to casting. After electrophoresis, gels
were washed twice for 15 min in 50 mM Tris buffer containing
1 mM Ca&*and 0.5 mM Z#" with 2.5% Triton X-100. The gels
were then incubated overnight in Tris buffer with 1% Triton X-100
and stained the following day with Coumassie Brilliant Blue
250-R. Following destaining, zones of enzyme activity were
detected as regions of negative staining against the dark bac
ground. Volumes of 5-3fl of undiluted specimen were normally
used for these assays; zones of activity were proportional to tt
quantity of culture fluid used.

Western blotting

Culture fluid proteins were resolved by SDS-PAGE and trans
ferred to nitrocellulose filters. Following treatment of filters with
specific antibodies, the filters were reacted with horseradisl
peroxidase (HRP)-conjugated secondary antibodies. Reacti
proteins were detected by enhanced chemiluminescence (EC
Amersham) after treatment with luminol and visualization on
light-sensitive autoradiography film (Fisher et al, 1996).

Gelatin and collagen degradation assays

Acid-solubilized (rat tail) fibrillar type | collagen was obtained
from Becton-Dickinson (Bedford, MA). Native collagen and heat-
denatured (60°C 5 min) collagen (i.e., gelatin) were diluted tc
1 mg mttin phosphate-buffered saline (PBS, pH 7.2), and incu-
bated at 37°C for 18 hours with prostate organ culture fluids whicl
had previously been concentrated 10X. Prior to the addition of th
collagen or gelatin substrates, culture fluids were exposed to 1 ml
aminophenyl mercuric acetate (APMA) for 90 min to activate
latent enzyme (Gibbs et al, 1999). Substrates not exposed to org i "..-"Ii' '&m‘,’ = MMP-13
culture fluids and culture fluids without substrates were incubate: y ;;5,-,? @2’ '!_’5' ’ 1 _
in parallel as negative controls. At the end of the 18-hour incube ' 2
tion period, samples were resolved by SDS-PAGE. The presen¢fgure 1 MMP expression in prostate tissue immediately following surgery.
of active enzyme was determined, based on the disappearanceTissue frozen in OCT was incubated with monoclonal antibodies to each of
the parentatr1(l) anda2() collagen (or gelatin) bands and the e 2 MIUPs folowed by ncubation ih an inmnopercxidase-congated
appearance of lower molecular weight fragments (Mulligan et alhaematoxylin was used as counterstain. (Magnification: MMP-2, X 160;
1993; Varani et al, 2000). MMP-9, X400; MMP-13; X 160)
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RESULTS tumour was present and sections in which there was little or no
evidence of tumour.

MMP expression in human prostate tumour tissue
immediately after surgery Human prostate tissue in organ culture: histological

Imm . - . . feTatures
unoperoxidase staining was used to determine expression 0O
enzymes with gelatinolytic activity (i.e., MMP-2 and MMP-9) in Tissue pieces from each surgical specimen were incubated in
22 different human prostate tumour specimens immediately aftesrgan culture as described in the Materials and Methods section.
surgery. In 9 of the specimens, regardless of whether or not tumoiifter 8 days, the tissue was fixed in 10% buffered formalin and
was present or the amount present, there was little or no detectalgiealuated histologically. Consistent with what we have reported
staining for MMP-2. MMP-2 reactivity was observed in the previously (Varani et al, 1999), there was a loss of secretory
remainder of the specimens. MMP-2 reactivity was Vvisibleepithelial cells and replacement of the normal glandular structure
throughout the stroma in the majority of these specimens (Figuneith morphologically undifferentiated (basal) epithelial cells. In
1, upper panel). In some specimens, reactivity was also observedme places, basal epithelial cells filled the lumens of the glands,
in a small number of normal or abnormal glandular epithelial cellsobliterating normal architectural features. In addition to occupying
Routinely, however, epithelial cells were negative for MMP-2the glands, epithelial cells also grew out from the glands to cover
reactivity. the surface of the tissue. Figure 2A shows the typical appearance
MMP-9 immunoreactivity was also weak or undetectable inof haematoxylin and eosin-stained tissue on day 8. Staining with
many of the specimens (11 of 22). In other specimens, stainingntibody to Ki-67 confirmed a proliferative response in the epithe-
with anti-MMP-9 revealed the presence of antigen in either or bothal cell population (Figure 2B). Staining with the anti-keratin anti-
stroma and epithelial structures. The most intense staining withody, K903, revealed strong reactivity in virtually all of the
anti-MMP-9 occurred in the epithelial cells of highly anaplastichyper-proliferative glands, as well as in the cells which migrated
lesions, where glandular structures were disorganized (Figure dut from the glands (Figure 2C). Reactivity of the proliferating
middle panel). cells with this antibody, which is known to react with basal epithe-
Tissue sections from the same specimens were also stained withl cells but not with malignant cells (Makin et al, 1984), indicates
antibodies to MMP-1 (interstitial collagenase) and MMP-13that the proliferating cells were derived from the non-malignant
(collagenase 3). With the exception of an occasionally positivepithelial cell component present in the original tissue. Consistent
stromal cell, no staining with antibody to MMP-1 was observed inwith what we have reported in the past (Varani et al, 1999), the vast
any of the specimens (not shown). In contrast, staining with antimajority of histologically abnormal, K903-negative cells (presum-
MMP-13 was seen in virtually every specimen. Staining wasably tumour) were lost from the tissue after 8 days in organ culture
confined to vascular structures as shown in the lower panel afnder the conditions employed here.
Figure 1. Overall, there was no clear distinction in MMP-13 Figure 2D and 2E show the appearance of the tissue after
immunoreactivity between tissue sections in which extensivestaining by the PAS method. Consistent with the picture shown in

Figure 2 Histological appearance of human prostate tissue after 8 days in organ culture. (A) Haematoxylin and eosin-stained section showing glandular
structures in which secretory cells have disappeared and basal epithelial cells have filled in the lumens of the glands. Epithelial cells also cover the surface of
the tissue piece. (B) Ki-67-stained section demonstrating proliferation in many of the epithelial cells. (C) K903-stained section showing strong reactivity in the
hyper-proliferative glands and in cells that have migrated out of these glands. (D) PAS-stained section showing an epithelial structure surrounded by distinct
PAS-positive (basement membrane) material. (E) PAS-stained section showing epithelial cells not surrounded by distinct PAS-positive (basement membrane)
material

© 2001 Cancer Research Campaign British Journal of Cancer (2001) 84(8), 1076-1083
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Figure 3  Gelatinolytic and {3- caseinolytic activity assessed by zymography in 48-hour prostate organ culture fluids obtained after 2, 4 or 6 days in culture. (A)
Gelatin: Pro-MMP-2 (latent form) is represented by the major band at 72 kDa. The shadow band immediately beneath the major band represents a processed
(active) form of the enzyme. MMP-2 remains consistent over the 6-day period. Pro-MMP-9 (latent form) is represented by the major band at 92 kDa. The
shadow band immediately beneath the major band represents a processed (active) form of the enzyme. MMP-9 increases over the 6-day period. (B) -casein:
Pro-MMP-1 is represented by a doublet in the 54-57 kDa region of the gel. There are no lower molecular weight forms attributable to the active form of the
enzyme. MMP-1 increases over the 6-day period

Figure 2D, most of the hyper-proliferative glands were surroundeéhformation: i) activity was completely abolished by overnight incu-
by PAS-reactive material (basement membrane). However, ibation of the zymogram in buffer containing 10 mM EDTA (metallo-
certain of the glands (Figure 2E), there were areas in which PA$oteinase inhibitor) but was unaffected by the presence of 2 mM
reactivity was not evident. Based on a semi-quantitative assesghenyl methyl sulphonylfluoride (serine proteinase inhibitor) in the
ment of 77 separate glands from 9 different tissue specimens (afteb8ffer; ii) upon exposure of the culture fluid to APMA, an agent used
days in organ culture), the fraction of the glandular periphery thatoutinely as an MMP activator (Gibbs et al, 1999), a ‘band-shift’ to
was clearly delineated from the surrounding stroma by PAS-positivd5 kD occurred; iii)B-caseinolytic activity in the prostate organ
material was 0.8 + 0.15% (compared to approximately 0.9 + 0.10 iculture fluid co-migrated with a zone ¢caseinolytic activity
fresh tissue; not statistically different Rt< 0.05 level). Selected produced by human dermal fibroblast MMP-1; and iv) Western blot-
specimens were also stained with PAS-methenamine silver, which g revealed the presence of an anti-MMP-1-reactive moiety in
a more specific basement membrane stain (Varani et al, 1999rostate organ culture fluids that co-migrated with the
PAS-staining and staining with PAS-methenamine silver occurre@-caseinolytic activity (data not shown). In contrast, no reactivity
in parallel (not shown). with an antibody to MMP-13 was detected by Western blotting in the
same specimens. In addition to freaseinolytic activity observed in
the 54 kD region of the gel, a thin band of activity was also detected
in the higher molecular weight region (Figure 3B). This activity co-
migrated with human dermal fibroblast MMP-2. No other zones of
activity were detected.
Prostate tissue was incubated in organ culture for 8 days. Culture Organ culture fluids were obtained from prostate tissues after incu-
fluids were collected on days 2, 4 and 6, and assessed for MMPkation for 72 hours and concentrated 10-fold. Gelatin and collagen
and MMP-9 by gelatin zymography. Zones of activity corre-degradation assays were carried out using the concentrated culture
sponding to both enzymes were seen at all 3 time points. The levifllid. A low level of gelatin fragmentation was detected in these
of MMP-2 remained constant throughout the 6-day culture periogulture fluids, while fragmentation of intact fibrillar collagen was not
(Figure 3A). In contrast, the level of MMP-9 was low initially, but evident with either non-activated culture fluids or following exposure
increased as a function of time in culture (Figure 3A). With bothto 1 mM APMA (Figure 4). Organ culture fluids collected on day 6
enzymes, the higher molecular weight, latent, proenzyme form§2-hour culture fluids) and handled the same way also were devoid
predominated. Lower molecular weight forms, characteristic obf detectable collagenolytic activity (not shown).
active enzymes, were detectable in most cases, but these formgdn a final set of studies, epithelial cells and stromal cells were
were present as thin ‘shadow’ bands immediately below the paregrown for 2 days in monolayer culture. Cell culture fluids obtained at
enzyme bands, and constituted a small fraction of the total. the end of the incubation period were examined by gelatirBand
The same culture fluids were analysedfaraseinolytic activity. ~ casein zymography. Epithelial cells produced gelatinolytic activities
Activity was detected as a doublet in the 54 kD region of the getorresponding to both MMP-2 and MMP-9 while stromal fibroblast-
(indicative of the proform of MMP-1). Essentially no activity was like cells elaborated only MMP-2. Both cell types also produced a 54
seen in the 45 kD region of the gel (corresponding to active form dfD B-caseinolytic activity. The level @3-caseinolytic activity was
the enzyme). As can be seen in Figure 3B, there was little activity iigher in the culture fluid from epithelial cells than in the stromal cell
day 2 organ culture fluids, with progressively increased amounts opulture fluid. There was no evidence of a higher molecular weight
day 4 and day 6. Th@-caseinolytic activity in the prostate organ activity that would be consistent with MMP-13 in the culture fluid
culture fluids was due mainly to MMP-1 based on the followingfrom either cell type (not shown).

MMP expression in human prostate tissue in organ
culture

British Journal of Cancer (2001) 84(8), 1076-1083 © 2001 Cancer Research Campaign
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Figure 4  Gelatinolytic and collagenolytic activity assessed by substrate-
degradation assays in 72-hour prostate organ culture fluids. Intact gelatin
and intact collagen are represented by the presence of intact a1(l) and a2(l)
chains and the absence of lower molecular weight fragments. In the
presence of 10X-concentrated and APMA-activated prostate organ culture
fluid, there is degradation of gelatin as indicated by the presence of lower
molecular weight bands. Such bands are not observed when collagen is
exposed to the same culture fluid

DISCUSSION

MMPs in prostate 1081

Considerable variability in MMP expression was observed among
the 22 specimens analysed. In approximately half of the fresh tissues
MMP-2 and/or MMP-9 were not clearly identifyable by immunos-
taining. Except for an occasional reactive cell, MMP-1 was never
routinely detected in this way, while MMP-13 was detected in the
vasculature of virtually every specimen. In short-term (2-3 day)
organ culture, MMP-1, as well as MMP-2 and MMP-9, was detected,
but MMP-13 was not. Variability among specimens was due, in part
we believe, to the heterogeneity in prostate tumour presentation, anc
to the amount of tumour present in any given tissue piece, as well as
to intrinsic differences among tumours in enzyme elaboration. Some
of the tumours demonstrated relatively well-differentiated features
(Gleason scores of 4 or 5) while at the other extreme were tissues
with highly anaplastic features. Equally important, the estimated
percentage of the tissue occupied by tumour ranged from 1% to
greater than 90%. Given this heterogeneity in the starting material, it
is not surprising that there should be differences in MMP detection.

Although heterogeneity in prostate tumour presentation undoubt-
edly accounts for some of the variability noted, differences in analyt-
ical approaches also contribute to the variable results. It is clear from
this work that even after incubation for as little as 2—-3 days in organ
culture, the culture medium from virtually every specimen contained
detectable MMP-1, MMP-2 and MMP-9 as measured by zymog-
raphy and Western blotting. These analytical techniques, particularly
zymography are extremely sensitive (down to picogram quantities)
(Gibbs et al, 1999) so it may be that enhanced enzyme detectior
reflects the increased sensitivity of the procedures used.
Alternatively, differences in enzyme expression patterns between
fresh tissue and organ-cultured tissue may reflect physiological
differences. Consistent with our past report (Varani et al, 1999),
normal basal epithelial cells underwent a proliferative response in
organ culture under the conditions employed here while the majority
of tumour cells lysed under the same conditions. The differences in
enzyme recovery between fresh tissue specimens and short-tern
organ culture may, therefore, reflect a loss of malignant cells and a
concomitant up-regulation of MMP production in association with
the proliferative response in the normal component. The same
signalling events that lead to epithelial cell proliferation also induce
MMP production via AP-1 activation (Zeigler et al, 1999). Some of
the variability in previously published reports (Lokeshwar
etal, 1993; Stearns and Wang, 1993; Wilson et al, 1993; Hamdy et al,
1994; Montironi et al, 1995, 1996; Festuccia et al, 1996; Jung
et al, 1997; Upadhyay et al, 1999; Still et al, 2000) may also have a
similar basis. It should be noted that although we attribute the
increase in MMP expression in organ culture primarily to the action
of proliferating basal (non-malignant) epithelial cells, the presence of
‘occult’ tumour in the tissue cannot be completely ruled out. The
presence of occult tumour would also be expected to contribute to the
MMP levels observed in organ culture.

Two other issues need to be addressed. The first is the potentia

In the present study we have assessed the expression of MMRdationship between the MMPs elaborated by prostate tissue in
with collagenolytic and gelatinolytic activity in fresh prostate organ culture and the changes in tissue structure/function which
tumour specimens and in organ cultures established from the samecur during organ culture. Although we were able to detect
specimens. The results are discussed in relation to a number MMP-1 as well as MMP-2 and MMP-9 in organ culture fluid, and
issues including: i) the variability among different specimens, andlthough the levels of MMP-1 and MMP-9 increased over time in
the variability seen with different methods of assay; ii) alterationsulture, the actual amounts of all 3 enzymes in the tissue were, in
that occur in prostate tissue structure/function over time in orgafact, very low. This can be seen by the lack of active forms of the
culture, the overall levels of collagenolytic and gelatinolytic enzymes. Only faint, thin bands corresponding to active forms of
enzymes elaborated in organ culture, and the possible role bbth MMP-9 and MMP-2 were detected in gelatin zymograms
MMPs in these alterations; and iii) the implication of the findingswhile active forms of MMP-1 were completely undetectable in

for prostate tumour pathophysiology.
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gelatin degradation and no detectable collagen degradation tissue destruction and invasion. MMPs elaborated during the devel-
specific substrate assays. opment of the disease (although in small amount as compared to
The low level of enzyme activity in organ culture may be ofsome other tumours) may contribute to the disease process. Even
interest in light of the changes that occurred in prostate tissue oveithout significant amounts of enzymes capable of degrading inter-
time in culture. These included a proliferative response in the basatitial stroma, the gelatinases (MMP-2 and MMP-9) have the
epithelial cell population and a concomitant loss of the malignantapacity to degrade basement membrane (type [V) collagen
component (Schrodt and Foreman, 1971; Geller et al, 199ZMuschel et al, 1985), and elevated expression has been linked to
Nevalainen et al, 1993; Pretlow et al, 1995; Varani et al, 1999; awmalignant behaviour in other human tumours (Pyke et al, 1992).
well as the present report). The present study also demonstratedn summary, a variety of approaches were used in this study to
migration of the proliferating epithelial cells out from the gland assess elaboration of gelatinolytic and collagenolytic MMPs by
across the surface of the tissue. This occurred wherever a cut in theman prostate tumour tissue. There are 2 major findings from this
tissue placed glandular epithelial cells in contact with the stromawork. First, results obtained with fresh tissue and with organ-
Basal cells, identified by their intense staining with anti-keratincultured prostate are different. This can be attributed, at least in part,
(K903) antibody, could be seen covering the entire surface of thi the fact that the normal epithelial cell component proliferates in
tissue pieces by day 8. Keratin-positive cells could also be seegan culture and is likely responsible for increased enzyme elabo-
wherever a break within the tissue was observed (Figure 2A, C). Iration. Second, the overall levels of gelatinolytic and collagenolytic
spite of these changes, there was little evidence for stromal invactivities are low in prostate tumour tissue. This may explain, in
sion. Basement membrane erosion (noted as a loss of staining withrt, the lack of tissue destruction and the failure of many prostate
PAS or PAS-methenamine silver) was observed around some afmours to aggressively invade the surrounding stroma.
the glands, but this was not a prominent feature in any of the
t|§sues and (when assessed Seml-qyantltatlve!y) not Stat.IStlcaIRCKNOWLEDGEMENTS
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