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Abstract 

Twenty five surgical specimens of malignant human prostate, 3 

lymph nodes with metastatic prostate carcinoma, 5 benign prostate 

hyperplasia (BPH), 11 normal human prostates, as well as 3 human 

prostate cell lines (DU-145, PC3 and LNCaP) were examined for the 

expression of human matrix metalloproteinase-7 gene (MMP-7) from the 

human collagenase family (originally called PUMP-l for putative 

metalloproteinase-l) (Majid Siadat-Pajouh et al. 1991). Northern blots 

were prepared using total RNA extracted from 18 prostate 

adenocarcinomas, 4 BPH, 2 lymph nodes with metastatic prostate carcinoma 

and 11 normal human prostates. When the northern blots were hybridized 

with 32 p labeled MMP-7 cDNA probes, a 1.2 Kb mRNA was detected in 14 out 

of 18 prostate adenocarcinomas, 1 out of 4 BPH, 1 out of 2 metastatic 

lymph nodes, and 3 out of 11 normal prostates. The 3 human prostate 

cell lines did not show any evidence of the MMP-7 transcript. ~ situ 

hybridization was conducted using a 35S labeled MMP-7 cRNA. ~ situ 

hybridization was carried out on seven prostate adenocarcinomas, 2 BPH, 

and 3 metastatic lymph nodes. In situ hybridization revealed that the 

MMP-7 gene was expressed in the epithelial cells of primary prostate 

adenocarcinoma as well as invasive and metastatic cells. MMP-7 

expression was also seen focally in some benign epithelial cells but not 

in inflammatory cells or stroma. The combined results of northern 

analysis and in situ hybridization indicated that 72% of prostate 

adenocarcinomas, 66% of metastatic prostatic lymph nodes, 40% of BPH and 

27% of normal prostate tissues express MMP-7 transcripts. Additional 
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northern blot analysis was performed using probes to human type IV 

collagenase, type I collagenase and Stromelysin I in human prostate 

adenocarcinoma as well as normal prostate tissues. The results 

indicated that 6 out of 10 adenocarcinoma samples and none of the 4 

normal samples were positive for type IV collagenase transcripts. None 

of the tissues examined for the expression of type I collagenase and 

stromelysin I were found to express the transcripts of interest at 

detectable levels. A monclonal antibody was generated against a 10 mer 

synthetic peptide unique to MMP-7. This antibody was reactive with the 

native protein in frozen prostate tissues. These data suggest that 

certain metalloproteinases are differentially expressed in prostatic 

adenocarcinoma and may playa role in invasion and metastasis. 

Key words: Metalloproteinase, collagenase, prostate adenocarcinoma, 

matrix metalloproteinase-7 (MMP-7). 
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INTRODUCTION 

1. Anatomy. Histology and Physiology of the Prostate Gland 

The prostate is located under the bladder in the inferior portion 

of the pelvic cavity and surrounds the first segment of urethra. It is 

triangular with the apex directed downwards contacting the urogential 

diaphragm. Great variation in the size of the prostate has been 

observed, but in the adult, it generally has a vertical length of 3 cm, 

frontal diameter of 4 cm, anteroposterior diameter of 2 cm, and a weight 

of approximately 20 grams (Harrison, 1972). The prostate is a compound 

exocrine gland and its ducts branch profusely. The 16-32 excretory 

ducts within a mature prostate each empty into the urethra. Glands are 

lined by a layer of glandular epithelial cells over a layer of basal 

cells which do not reach the lumen. Both the glandular and the basal 

cells sit on an indistinct basal lamina and an underlying stroma 

composed of loose to moderately dense connective tissue, smooth muscle 

cells, elastic fibers and blood capillaries. Basal lamina is composed 

of Type IV collagen, Proteoglycan, laminin, fibronectin and other 

glycoproteins, whereas the major component of the connective tissue in 

stroma is Type I and III collagen. The stroma accounts for one-third or 

more of the prostatic mass. For convenient description prostate is 

divided into lobes: central,transitional and a peripheral zone. Each 

zone has unique histological and biological characteristics as well as 

architectural and stromal features. It has been shown that benign 



prostate hyperplasia (BPH) mostly arises from the transitional zone, 

whereas prostate carcinoma usually occurs in peripheral zone (Lowsley, 

1912). 
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The prostate gland remains relatively small throughout childhood 

and begins to grow at puberty under the stimulus of testostrone. It 

reaches an almost stationary size by the age of 20 and remains this size 

up to the age of approximately 40 to 50. At that time in some men it 

begins to degenerate along with decreased production of testostrone. 

However, a benign prostatic hyperplasia frequently develops in the 

prostate in older men which can causes urinary obstruction. This 

effect is not casued by testostrone (Guyton, 1977). Cancer of the 

prostate gland is a.common cause of death, resulting in approximately 2-

3 percent of all male deaths. The cancerous cells are usually 

stimulated to more rapid growth by testostrone and are inhibited 

temporarily by removal of testostrone or by administration of estrogens. 

The prostate gland secretes a thin, milky, alkaline fluid 

containing citric acid, calcium, acid phosphate and a clotting enzyme 

(ph 8-9). The alkaline characteristics of the prostatic fluid is quite 

important for successful fertilization of the ovum because the vaginal 

secretions of the female are acidic (ph 4-6) and spermatozoa do not 

become optimally motile until the ph of the surrounding fluid rises to 

about 6 to 6.5. Therefore, the prostatic fluid neutralizes the acidity 

of these fluids after ejaculation and greatly enhances the motility and 

fertility of the sperm (Guyton, 1977). 



Oblique coronal section diagram of prostate 
showing location of peripheral zone (PZ) and transi
tion zone (TZ) in relation to proximal urethral segment 
(UP), verumontanum (V), preprostatic sphincter (s), 
bladder neck (bn), and periurethral region with peri
urethral glands. Branching pattern of prostatic ducts 
is indicated; medial transition zone ducts penetrate 
into sphincter. 

Reproduced from Mcneal J.E. Normal histoloqy of the prostate. 

Am. J. of Surge Path. 12(8): 621, 1988. 
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Prostate gland. 
Lt!I;-The columnar. mucus·secreting glandular cells (Ge). thrown into folds by contraction of the 
tissue during nxation. are separated from the prominent smooth muscle septa 15:-'0 by a basement 

membrane IBM). I HE) x 360. 
Right-Higher power \'iew of same neld showing intricate relationship between smooth muscle 

ISM) and glandular cells IGO. IHE) '< 490. _'1 

Reproduced from Gardner D.L., Human Histology. Churchill Livingstone 

Edinburg London P. 183, 1976. 
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2. Epidemiology, Clinical Features and Etiology of the Prostate 

Adenocarcinoma 

a) Epidemiology 
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Prostatic carcinoma is the second most common malignancy of males 

and the second leading cause of death in men in the United States(Cancer 

Facts, 1987). About 99,000 cases are diagnosed annually and 

approximately 28,000 patients die every year as a direct result of the 

disease (Cancer Statistics). It has been estimated that 3 to 5 times 

more patients exist with the latent disease. The latent form of 

prostate carcinoma is usually discovered by autopsy or during biopsy for 

treatment of benign hyperplasia. Post-mortem histologic examination has 

shown that 30% of males more than 50 years old and 100% of men over 90 

years old have latent prostate carcinoma (Holand, et al. 1980). 

Histological features of the latent form are indistinguishable from 

clinical disease and the microscopic examination is not a guide to 

biological malignancy of the lesion. 

The age incidence of this malignancy is of considerable interest. 

The disease rarely occurs before the age of 50, becomes increasingly 

frequent after each decade both in clinical and latent cases. After the 

age of 80, clinical cases become less common. Latent cases, however, 

become increasingly common after 80 years of age (Franks, 1976). 

The incidence and mortality of prostatic carcinoma show 

considerable variation worldwide (Waterhouse et al., 1982). Rates are 

generally high in the United States, Cananda and North Western European 

countries. Lower rates are found in Eastern and Southern Europe, and in 

some Asiatic and most South American countries. Extremely low rates are 



found in Japan and some Central American and Southeast Asiatic 

countries. In general, the highest incidence and mortality has been 

reported in Switzerland and the lowest rate exists in Japan. 

15 

Migration from low risk to high risk countries, in particular 

from Asiatic and Eastern European countries to the United States has 

created a natural experiment to assess the mortality and morbidity 

patterns in these migrant populations compared with those populations in 

their host countries. Thus, it is possible to discriminate between 

enviornmental and genetic factors in the etiology of the disease 

(Lilienfeld et al., 1980). Among all populations that have migrated 

from low risk countries to the United States, mortality and incidence 

rates are significantly higher than in their homeland, suggesting a role 

for environmental factors in the pathogenesis of the disease. However, 

these rates are with no exception slightly to markedly lower than the 

rates found in native United States caucasians (Waterhouse et al., 

1982). 

Mortality and morbidity patterns in different races in the United 

States have been studied extensively. These studies show that 

caucasians living in the United States have higher death and incidence 

rates compared to almost all ethnic minorities (Kolonel, 1980). Black 

men in the United States, however, have a considerably higher risk for 

prostatic cancer than United States caucasian (Mettlin, et al., 1983). 

These data indicate the involvement of genetic factors in the 

pathogenesis of prostate adenocarcinoma. 

b). Clinical features 
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Although malignant transformation can involve any of the cellular 

components of the prostatic gland, over 95% of prostatic cancers are 

adenocarcinoma of tubuloalveolar or acinar origin. Not all prostatic 

cancers are clinically apparent, and even when recognized they do not 

all express the same biologic or malignant potential. This 

heterogeneity in the expression of prostatic cancer has been the source 

of much confusion and controversy, affecting the selection of 

appropriate therapy and the evaluation of the results. 

Although prostatic cancer is relatively prevalent, the tumor 

usually escapes attention until disease is advanced. The problems 

concerning the early detection of tumor is in part due to the lack of 

early warning signs and symptoms. Prostatic cancer does not necessarily 

progress in an orderly fashion from the state of microscopic disease to 

local and regional growth and then to distant metastasis: therefore, 

symptoms related to metastasis may precede any awareness of malignant 

growth in the prostate itself. 

Benign prostatic hyperplasia occurs in the periurethral portion 

of the gland and it is usually responsible for obstruction of the 

urethra. However, occasionally rapid and progressive growth of prostatic 

adenocarcinoma in the peripheral zone, especially after the tumor 

reaches a considerable size, compresses the urethra creating the same 

obstructive symptoms. Local growth of the tumor may cause rectal 

obstruction resulting in pain at defecation. Approximately, 15-40% of 

symptomatic pateints have metastases. In an elderly man, complaints of 

bone pain is a warning to search for prostatic cancer because bone is 

the primary site of metastasis in patients with prostatic adenocarinoma. 
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A hard, discrete nodule in the prostate of a man over age of 50, upon 

rectal examination, has a 50% chance of being a malignant tumor. 

Unfortunately, 10-20% of the tumors are too small to be dectected by 

digital rectal examination. In about 85% of patients with advanced 

disease serum acid phosphatase is elevated. Isoenzyme fractionation of 

serum acid phosphatase is useful in determining whether the enzyme is of 

bone, liver or tumor origin. Hypocalcemia is reportedly the most common 

alteration in the case of bone metastases. In addition, studies in 

patients with prostate cancer show a correlation between prostate 

specific antigen (PSA) concentration with stage of prostatic cancer and 

response to treatment. These findings indicate that serum PSA 

determination provide a specific marker of prostatic disease activity 

(Brawer et al,1988). 

Malignant transformation occurs in the stem cells of the acinar 

prostatic epithelium. Some tumors are difficult to distinguish from 

normal prostate, whereas others have some bizarre histological 

alterations. Variation in glandular structure can happen in different 

portions of the same tumor, creating confusion and difficulty in 

assessing the grade of the cancer. Abnormal cytological features may be 

absent in a well differentiated tumor. Most malignant prostatic 

epithelial cells, however, have a large hyperchromatic nucleus with 

large nucleoli. Malignant glands may be small and arranged in clusters, 

frequently with back to back configuration. Since the behavior of the 

malignant cells can be predicted, to some extent, by their histological 

appearance, various attempts have been made to develop a uniform grading 

system for prostatic cancer. The grading system of Gleason and his 
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colleagues is the one most widely employed at present because it has the 

most extensive clinical correlation. Other grading systems which 

sufficiently correlated with the clinical courses include: (I) the 

system of Kahler and Pool and Thompson (2) the system of Evans et al (3) 

the system of Shelley et al (4) the system of Bocking and Sinagowitz (5) 

the system of Gaeta et al (Bocking et al, 1982). Another parameter that 

contributes to the assessment of the biological behavior of the tumor is 

staging. In the staging system, tumors are categorized as follows: 

Stage A: 

Stage B: 

Stage C: 

Stage D: 

c} Etiology 

Tumors microscopic and intracapsular. 

Tumors macroscopic and intracapsular. 

Tumors macroscopic and extracapsular. 

Metastatic disease. 

The real cause of prostate cancer is unknown, but epidemiological 

studies suggest that a variety of factors may playa role in its 

development and that other factors are associated with its malignant 

expression. The involvement of genetic factors in the etiology of 

prostatic carcinoma have been implicated (Woolf, 1990). Cancer of the 

prostate occurs more frequently within some families, indicating a 

shared genetic predisposition. In addition, North American blacks are 

reported to be more suceptible than caucasians (Walker et al, 1986). 

Hormones influence the induction and promotion of this cancer, 

but their exact mechanism of action and the precise endocrine factors 

responsible remain uncertain. The appearance of prostatic cancer after 

age 50 suggests that its clinical expression is linked to changes in the 

endocrine system that occurs with aging. As the level of testostrone 
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declines. the testostrone:estrogen ratio increases. The response of 

prostatic carcinoma to androgen deprivation further suggest a direct 

relationship between this tumor and hormones (Fitzpatrick et al, 1989). 

The difference observed in incidence and mortality rate between 

Japanese that live in Japan versus Japanese immigrated to Hawaii 

suggests a role for environmental factors such as diet (Fitzpatrick et 

al, 1989). A Westernized diet high in animal fat is associated with a 

high mortality rate. while the traditional Japanese diet rich in green 

and yellow vegetables appears to have a protective effect. 

Environmental factors may playa direct role as carcinogens or 

promoters. Men who work with batteries and are chronically exposed to 

cadmium have been shown to have a higher incidence of prostatic 

carcinoma (Piscar. 1981). Unfortunately. factors that may contribute to 

the malignant potential of tumor cells have not been studied extensively 

and little is known about the role these factors may play in the 

metastasis of this malignancy. 

3. Role of Proteases in Human Malignancies 

Secretion of proteolytic enzymes and their role in invasion and 

metastasis has been shown for a variety of human tumors (Mullins et al .• 

1983. Tryggvasion et al, 1987. Monteagudo et al, 1990). It has been 

recognized for many years that there is a positive correlation between 

cellular invasion and protease production and it has been hypothesized 

that proteolytic enzyme activity may. in fact. be required for 

invasiveness (Liotta et al, 1983). According to this theory. cells are 



invasive by virture of their ability to secrete proteases capable of 

degrading barriers such as basement membrane and interstitial tissue. 
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A three step process has been suggested for describing the 

sequence of events during tumor cell invasion and metastasis (Liotta, 

1986). The first step is the attachment of tumor cells via plasma 

membrane receptors to extracellular matrix mediated by specific matrix 

glycoproteins such as fibronectin and laminin. In the next step 

following attachment, tumor cells secrete proteolytic enzymes (or induce 

host cells and inflammatory cells to secrete enzymes) which can degrade 

components of the extracellular matrix including collagen Type I and IV, 

fibronectin, laminin, proteoglycans and elastins. The tumor cells most 

likely secrete these proteases in a localized region next to their 

plasma membrane. Secretion in this very localized region could prevent 

inactivation by natural inhibitors of metalloproteinases (TIMP). It has 

been demonstrated that the invasiveness of tumors not only depends on 

the secresion of proteases, but also is a function of balance between 

these enzymes and TIMP expression (Khokha et al, 1989). The third step 

is the migration of tumor cells through the extracellular matrix which 

has been modified by proteases. The process of migration could be 

mediated through autocrine motility factors as well as chemotactic 

factors (Liotta et al, 1986). 

The process of tumor cell mediated degradation of extracellular 

matrix appears to involve a complex series of proteases that may be 

secreted and activated in a cascade of activation of latent proteases. 

The collagenase enzymes implicated in invasion include Type I and IV 

collagenase, stromelysin I and II as well as matrix metalloproteinase-7 
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called MMP-7 (previously called PUMP-I) (Muller et al., 1988). The 

members of metalloproteinase family have the following characteristics: 

(1) they contain a zinc ion and therefore are inhibited by chelating 

agents such as EOTA, (2) they are secreted in a latent form and either 

autoactivated or activated by other enzymes, and (3) they are inhibited 

by tissue inhibitor of metalloproteinases (TIMPs) (Matrisian et al, 

1990). Metalloproteinases are characterized with respect to their 

substrate specificity. Type I collagenase degrades type I, II, and III 

collagen present in interstitial tissue; whereas, type IV collagenase 

degrades type IV, V, and VII collagen present in basement membrane. 

Stromelysin I an II degrade proteoglycans, laminin, fibronectin, 

gelatins and type III, IV, V collagen. MMP-7, on the other hand, 

degrades gelatins and fibronectin (Matrisian et al., 1990). 
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Secreted Proteases Size{kDa) Substrate 

(1) Interstitial collagenase 52 deduced I. II. III coll agen 

(Type I collagenase) 52.57 secreted 

(MMP-1) 

PMN collagenase 75 secreted I. II. III collagen 

(MMP-8) 

(2) 72 kDa Type IV coll agenase 72 secreted IV. V. VII collagen. 

(72 kDa gelatinase) fibronectin. 

(MMMP-2) gelatins 

92 kDa Type IV collagenase 78 deduced IV. V coll agen. 

(92 kDa gelatinase) 92 secreted gelatins 

(MMP-9) 

(3) Stromelysin 53 deduced Proteoglycans. 

(transin) 57. 60 secreted laminin. 

(proteoglycanase) fibronectin. 

{procolagen-activating factor III. IV. V collagen 

(MMP-3) gelatins 

Stromelysin-2 53 deduced III. IV. V collagen 

(transin-2) fibronectin. 

(MMP-10) gelatins 

PUMP-1 28 deduced Gelatins. 

{MMP-7} 28 secreted fibronectin 

(Small metall of uterus) 
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PUMP-1 or MMP-7 cDNA has recently been isolated by screening a 

human tumor cDNA library with transin (rat stromelysin) probe (Quantin 

et al., 1989). MMP-7 cDNA codes for a protein with significant sequence 

similarity to collagenase and stromelysin, but lacks the C-terminal 

hemopexin-like domain (a heme binding protein) characteristic of these 

enzymes. The function of this hemopexin domain is unclear, but it has 

been suggested that it might be involved in the disposal of the enzyme

inhibitor complex (Quantin et al, 1989). Like other metalloproteinases, 

MMP-7 has 8 amino acids conserved sequence believed to be involved in 

autoactivation of the enzyme. MMP-7 cDNA codes for a 28 kd protein 

which upon activation its molecular weight decreases to 19-21 kd. It 

has been shown that active MMP-7 is able to activate type I collagenase 

(Quantin et al., 1989). Muller et ale have speculated that MMP-7 and 

other collagenases may playa role in cancer. 



24 

STATEMENT OF PURPOSE 

High mortality rate in prostate carcinoma patients is due to lack 

of screening procedures to detect those men with early primary disease, 

and as a result, about 60% of patients who present already have 

metastases (Doble et al., 1987). The fact that in some patients 

prostate carcinoma is disseminated even before presentation of clinical 

symptoms, whereas other patients live with the subclinical disease, 

shows that transformed prostatic cells have a wide spectrum of 

biological activities. This variability might in part be due to 

variable expression of proteases believed to be important in invasion 

and metastasis. These proteases enable the malignant cells to digest 

and escape the surrounding basement membrane in order to invade the 

vasculature and eventually metastasize to other organs. It has been 

shown that in prostatic carcinoma there is a progressive loss of 

basement membrane with decreasing differentiation and increasing Gleason 

grade (Fuchs et al., 1989). In this study, benign prostatic hyperplasia 

(BPH) had basement membrane around 99% of the acini. Gleason grade II 

adenocarcinoma had 65%, grade III had 23%, grade IV had 15% and grade V 

had 0% basement membrane around glandular structures. None of the 

metastases had visible basement membrane. This progressive loss of 

basement membrane could be due to either decreased production or 

degradation of basement membrane that may occur in prostatic carcinoma 

and that may lead to invasion and metastasis. 
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The expression patterns of metalloproteinases have not, thus far, 

been examined in human prostate tissues. Because there is wide variation 

in the clinical stage, histological grade, and a well defined dysplastic 

lesion which is presumed to represent a premalignant stage (PIN), the 

prostate seems to represent an ideal human cancer system in which to 

test the expression of these proteinases and study their relationship to 

tumor progression. 

Although the presence of proteolytic enzymes in human tumors has 

been documented and a potential role for these proteases in human tumor 

invasion and metastasis has been proposed, it is still not clear whether 

the tumor cells themselves, inflammatory cells or other stromal cells 

are responsible for the secretion of these enzymes (Woolley et al., 

1989). The purpose of this study, in part, was to answer this question 

in the context of human prostate. 

HYPOTHESIS: 

Expression of metalloproteinases, especially MMP-7, in neoplastic 

glandular epithelial cells of human prostatic carcinoma gives these 

transformed cells more invasive potential and enables them to escape the 

surrounding basement membrane in order to invade the capillaries and 

lymphatics and metastasize to other organs. 

SPECIFIC AIMS: 

1. Determine whether there is differential expression of MMP-7 in 

primary and metastatic human adenocarcinoma relative to benign 

hyperplastic (BPH) and normal prostate tissue. 
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A. Using northern blot analysis of isolated mRNA, determine the 

differential expression of MMP-7 transcripts. 

B. Using in situ hybridization techique, determine whether 

transformed epithelial cells of human prostate carcinoma, stromal cells 

and or inflammatory cells express MMP-7 transcript. 

C. Using an antibody against a synthetic peptide unique to the 

MMP-7 protein, determine the presence of MMP-7 protein. 

2. Determine whether collaganases type I and IV as well as 

stromelysin I are differentially expressed in primary human 

adenocarcinoma relative to normal prostate tissue, using northern blot 

analysis of isolated mRNA. 
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MATERIALS 

I. Chemi cal 

Chemicals and biochemicals used in this study are as follows: 

Name 
Poly L-lysine 

Paraformaldehyde 

Proteinase K 

Triethanolamine 

Acetic anhydride 

lycine 

Formamide 

Riboprobe RNA 
Synthesis Kit 

Radiolabeled nucleotides 

Sodium dodecyl sulfate (SDS) 

Dithio Thrieitol (DTT) 

Yeast TRNA 

Bovine serum albumine (BSA) 

18 

Vendor 
Sigma Chemical Company 
St. Louis, MO 

Fisher Scientific Company 
Fair Lawn, NJ 

Bethesda Research Lab. (BRL) 
Ga itherburg, MD 

Sigma Chemical Company 
St. Louis, MO 

Sigma Chemical Company 
St. Louis, MO 

Sigma Chemical Company 
St. Louis, MO 

Fluka, Ronkon Koma 
New York 

Promega 
Madison, WI 

New England Nuclear (NEN) 
Willmington, DE 

Boehringer Mannheim Biochemicals 
Indianapolis, IN 

Sigma Chemical Company 
St. Louis, MO 

Sigma Chemical Company 
St. Louis, MO 

Bethesda Research Lab. (BRL) 
Ga itherburg, MD 



Rnase A and T, 

Nuclear track emulsion NTB-2 

0-19 Developer 

CH-activated sepharose 4B 

In vitro translation kit 
(Rabbit reticulocyte) 

II- Membranes 

Gene screen 

APT membrane 

Nitrovellulose membrane 

Sigma Chemical Company 
St. Louis, MO 

Kodak, Rochester, NY 

Kodak, Rochester, NY 

Sigma Chemical Company 
st. Loui s, MO 

Promega 
Madison, WI 

Dupont 
Boston, MA 

Schleicher & Schuell 
Keene, NH 

Biorad 
Richmond, CA 

28 
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METHODS 

1. Total RNA extraction from frozen prostate tissues: 

Approximately one gram of frozen tissue was ground to powder in 

liquid nitrogen. The powder was added to a solution containing phenol 

saturated with 0.3M sodium acetate (pH-S.2), O.S% SDS, and 2mM EDTA 

(Lysis Buffer). Five mls of chloroform/isoamyl alcohol solution (24:1) 

were added to the lysis buffer, mixed well and centrifuged at 3000 rpm 

for 10 minutes. The bottom phase (chloroform and proteins) was removed 

and discarded and the above step repeated. The upper phase (DNA and RNA) 

was removed and precipitated by adding 2 volumes of cold 100% ethanol and 

incubated overnight at -20°C. Samples were centrifuged at 10,000 rpm for 

20 minutes. The supernantant was removed and the pellet (DNA and RNA) 

was dried. The pellet was dissolved in O.S mls of double distilled H20 

(d2H20) and then O.S mls of 4 M lithium chloride were added and incubated 

overnight at 4°C. The next day, tubes were centrifuged at 10,000 rpm for 

20 minutes, the supernatant (DNA) was removed and precipitated as 

described previously. The RNA pellet was dissolved in 200 pl of 0.3 M 

sodium acetate and extracted several times with phenol/chloroform. The 

RNA was precipitated, dried and redissolved in 200 pl of d2H20. 

2. Northern Blot Analysis: 

Ten pg of total RNA from each sample was fractionated by 

electrophoresis through a 1.4% agarose/2.2M formaldehyde gel. The gel 
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ran for 2 hours at 60 volts and then soaked in d2H20 for 30 minutes 

followed by soaking in 50mM NaOH, 10mM NaC1 for 45 minutes. The gel was 

then stained in 100 mM Tris-HC1 (pH-6.5) containing 1/2000 volume 

ethidium bromide (ETBr) followed by destaining in 100 mM Tris-HC1 without 

ETBr for 10 minutes. Subsequently, the gel was soaked in 25 mM sodium 

phosphate (pH-6.5) for 15 minutes. The RNA content of the gel was then 

blotted to Gene Screen membrane by capillary transfer in 25 mM sodium 

phosphate buffer. The membrane was fixed by exposure to UV light for 2 

minutes. The membrane was then exposed to prehybridization solution, 

containing 3X SET, 1% SDS, lOX Denhardts, 0.1% pyrophosphate and 200 

pg/ml salmon sperm DNA overnight at 68°C. The next day, nick translated 

32p labeled MMP-7 cDNA ( see preparation below) was added to the 

prehybridization solution and incubated overnight at 68°C. The membrane 

was then washed twice in 2X SSC, 1% SDS at 68°C for a few minutes 

followed by washing three times in O.lX SCC, 1% SDS at 68°C for 30 

minutes. Autoradiographic analysis of the blot was carried out by 

exposing the film at -80°C with an intensifying screen. 

3. In situ hybridization 

Glass microscopic slides were cleaned with HCL and ethanol and 

coated with poly L-Lysine and autoclaved. 5 pm frozen sections of tissue 

were placed on these slides and fixed with 4% paraformaldehyde in PBS for 

5 minutes. The slides were then placed in 70% ethanol and stored at 4°C 

until the hybridization was performed. Before hybridization, the 

sections were digested with 0.5 pg/ml proteinase K in Tris-EDTA (TE) for 

30 minutes at 37°C followed by washing in 2X SCC. Post fixation was 



31 

carried out by putting the slides in 4% paraformaldehyde for 10 minutes 

at room temperature. The slides were then washed in 2X SSC and the 

sections were then acetylated using acetic anhydride. The 35S labeled 

sense and antisense probes were synthesized from appropriate Bluescript 

vector (STRATAGENE) using 35S eTP and T3 or T7 RNA polymerase (ProMega 

procedure). The slides to be hybridized were equilibrated in 50% 

formamide, 2X SSC at 50°C just prior to adding the 35S labeled probe. 

The probe was added to hybridization solution of 50% formamide, 2X SSC, 

10 mM Dithiothreitol (DTT) , 1 mg/ml T-RNA, 10% Dextran sulfate, 2 mg/ml 

BSA and denatured at 90°C for 15 minutes. Sections were dehydrated in 

ethanol and hybridization was performed at 50°C for 9 hours. Next, the 

slides were treated with a mixture of RNase A (50 pg/ml) and T1 (1 

unit/ml) at 37°C to remove unhybridized probe. The sections were then 

washed in either 2X SSC at 52°C (medium stringency condition) or in IX 

SSC at 52°C followed by O.IX SSC (high stringency). Finally, the slides 

were dehydrated in ethanol and dried under a stream of air. 

Autoradiography was carried out by dipping the slides in photographic 

emulsion (NTB-2). After a two weeks exposure the slides were developed 

and counterstained with hematoxylin and eosin (H&E). 

4. Preparation of Probes and Cloning: 

Collagenase type I, stromelysin I and II as well as MMP-7 cDNA 

were digested out of PUN121 vector with EcorI and gel purified by 

electroelution. MMP-7 cDNA was further digested with XMNI to remove 

polyA tail. cDNA Probes were further purified using a fast performance 
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liquid chromatography (FPLC) system (Pharmacia). The final length of the 

probes are as follows: 

MMP-7 
Collagenase Type I 
Stromelysin I 
Stromelysin II 

0.8 kb 
1.7 kb 
1.8 kb 
1.6 kb 

For ~ vitro transcription, MMP-7 cDNA (0.8 kb) was cloned into 

Bluescript vector digested with EcoRI, and Hinc II. Antisense MMP-7 

transcript was prepared from this vector using XbaI digested template and 

T3 RNA polymerase. Sense MMP-7 transcript was prepared using APaI 

digested templates and T7 RNA polymerase (0.8 kb). 

For in vitro translation, full length MMP-7 cDNA (1.1 kb) 

containing polyA tail with EcorI sites was cloned into Bluescript vector, 

previously digested with EcoRI. The resulting vector was digested with 

XbaI to prepare sense RNA using T3 RNA polymerase. Antisense MMP-7 

transcript was prepared by digesting the template with APaI and using T7 

RNA polymerase. 

5. Generation of Polyclonal Anti MMP-7 Antibodies 

The predicted amino acid sequence of MMP-7 protein was scanned for 

hydrophilic regions (Hoff et al., 1981). Three candidate epitopes in 

hydrophilic regions of the primary structure were identified. Computer 

homology search revealed that the first two epitopes had 90% homology to 

amino acids sequences of collagenase precursor and myosin heavy chain, 

respectively; whereas the third epitope had 60% homology to a epoxide 

hydrolase sequence of rat and rabbit. A ten amino acid peptide 

corresponding to C-terminal epitope (the third epitope) of human MMP-7 
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protein was synthesized using the solid-phase methods of Margin and 

Merrifield (Morgin et al., 1970). The synthetic peptide was coupled to 

keyhole limpet hemocyanin (KLH) through a bis-diazotized benzidine (BDB) 

linker as described by Bassiri et al., 1972. 

Two New Zealand white rabbits were immunized according to the 

following schedule: The first rabbit was injected with 200 pg of 

conjugated peptide, wheras, the second rabbit was injected with 400 pg of 

conjugated peptide. First, 200 or 400 pg of peptide-coupled KLH in 

complete Freund's adjuvant (1:1) subcutaneously on day zero: second, same 

amount of antigen in incomplete Freund's adjuvant (1:1) subcutaneously on 

day 14: and finally the third injection was carried out in a manner 

similar to the second injection on day 21. The rabbits were bled 1 to 2 

weeks after the third injection. After the initial course of injections, 

the rabbits were boosted with 200 or 400 pg of peptide-coupled KLH with 

incomplete Freund's adjuvant (1:1) at 4 week intervals and bled two weeks 

following the injections. 

6. Generation of monoclonal Anti-MMP-7 Antibodies: 

A BALB-C mouse was injected (l.P) with 300 pg of conjugated KLH

peptide in complete Freund's adjuvant (1:1). The same amount of antigen 

was injected (l.P) in incomplete Freunds adjuvant 21 days later. The 

third injection was carried out using 200 pg of antigen in incomplete 

Freunds adjuvant (l.P) on day 28. The mouse was sacrified thirty eight 

days after the initial injection and lymphocytes were extracted from the 

spleen. Hybrid fusion was carried out using lymphocytes stimulated in 

vitro with either the KLH-peptide conjugate or 10-Mer peptide alone. The 



resulting clones were screened by ELISA using Dextran-MMP-7 petide 

conjugate as antigen. 

7. Enzyme Linked Immunosorbent Assay (ELISA): 

34 

Falcon flexible assay plates were coated with Dextran-peptide (500 

pg/well) in 0.15 M NaCl and sodium azide for 2 hours at 37°C. The plates 

were then washed 3x with washing buffer containing IX PBS and 0.1% Tween-

20. Wells were then coated with 100 ul of diluting buffer containing IX 

PBS 0.01% Tween-20 and 0.25% BSA and incubated for 1 hour at room 

temperature. After blocking, 100 ul of supernatant was added to each 

well and incubated for 2 hours at room temperature. The wells were then 

washed four times with washing buffer followed by addition of rabbit 

anti-mouse IgG (HRP, 1:1000) and incubated for 1 hour at room 

temperature. After washing five times with washing buffer, 100 ul of 

ABTS was added to each well and incubated for 10 minutes followed by 

addition of 50 ul of 5% SDS to stop the reaction. The optical density 

was measured at 405 nm. 

8. Screening of Rabbit's Sera Against MMP-7 Peptide using APT Membrane: 

Aminophenylthioether (APT) membrane was activated by incubating 

with the mixture of 120 ml of ice cold 1.2 N HCL and 3.4 ml of fresh 10 

mg/ml NaNo2 for 30 minutes at O°C. Just prior to blotting the 10-mer 

MMP-7 peptide, the membrane was washed two times; One minute each with 30 

mM NaoAc, pH=4.0. One ug of either the peptide or keyhole limpet 

hemocyanine (KLH) was blotted to the membrane using a Biorad 96 well 

plate apparatus and incubated for 1 hour at room temperature. The 

membrane was then washed 3 times with PBS and incubated in a blocking 
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solution containing 100 mM Tris-HCL PH=9.0, 0.25% gelatin, and 10% 

triethanolamine for two hours at 37°C. The membrane was then rinsed in 

d2H20 briefly and incubated with different dilutions of either combined 

immunized sera of two rabbits or preimmune sera from the same animals 

for 1 hour at room temperature. The membrane was then washed as follows: 

PBS-tween 20 (0.06%) for 2 minutes followed by a wash with the above 

solution containing 0.1% Triton for 30 minutes. The membrane was 

additionally washed with PBS-0.5 M NaCl for 30 minutes followed by 

washing with PBS-Tween 20 (0.06%) for 2 minutes. After washing, the 

membrane was incubated with 10 ul of 123 uCi/mL 1251 goat anti rabbit IgG 

in 100 ml PBS-Tween for 1 hour at room temperature. The membrane was 

then washed as mentioned before and rinsed briefly in d2H20 and dried 

before exposing to film. 

9. In vitro Translation of MMP-7 cDNA 

Full length MMP-7 cDNA was cloned into EcoRI sites of 

transcription vector (Bluescript). Using T3 and T7 promoters on this 

vector, capped sense and anti sense MMP-7 RNA were synthesized in vitro. 

Rabbit reticylocyte translation system (Promega) was used to translate 

MMP-7 RNA. Briefly, 1 ug of sense or antisense MMP-7 RNA as well as 

Bromo Mosaic virus RNA (positive control) were linearized by heating at 

67°C for 10 minutes. After heating, RNA samples were immediately put on 

ice to prevent refolding. 35 ul of nuclease treated lysate, 1 ul of 

RNasin, 1 ul of lmM amino acids (minus methionine) and 5 ul of 35S 

labeled methionine (1000 ci/mm) were added to RNA samples and the final 

volume was adjusted to 50 ul using autoclaved d2H20. For unlabeled MMP-7 
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protein, 1 ul of 1 mM amino acids including methionine was used. Samples 

were incubated at 30°C for 1 hour. Subsequently, 100 ul of 4 x cracking 

buffer containing 8 gram SOS, 20 ml p mercaptoethanol, 2.42 grams Tris, 

12 grams sucrose in 100 ml H20 were added to each sample. The samples 

(50 pl) were then boiled for 5 minutes and loaded into 12.5% SOS-PAGE 

gel. The samples were run at 15 milli AMP through the stacking gel and 

30 milli AMP through the gel. The gel was then removed and washed 3 

times in a solution containing 5% glacial acetic acid, 10% of 95% 

isopropanol and 85% H20. The gel was then wrapped in nylon and 

autoradiographic analysis was carried out by exposing film at -80°C with 

an intensifying screen. In the case of unlabeled MMP-7 translation 

product, proteins were transfered to nitrocellulose membrane followed by 

western blot analysis. 

10. Western Blot Analysis: 

Protein samples were separated through a 12.5% SOS-PAGE gel 

followed by electrophoretic transfer of proteins to nitrocellulose paper 

in a transfer buffer contaiing 192 mM glycine, 23 mM Tris base and 20% 

methanol at 4°C overnight (350 milli AMP). Next day, the membrane was 

blocked overnight with 1 x PBS - 0.06% Tween 20. The following day, the 

membrane was exposed to primary antibody and incubated for 2 hours at 

room temperature. The membrane was washed as follows: 

1. PBS-0.06% Tween-20 (PBS-Tween) 2 minutes. 

2. PBS-Tween with 0.1% triton X-100, 30 minutes. 

3. PBS-0.5M NaCL 30 minutes 

4. PBS-Tween 2 minutes. 
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Following washes, the membrane was incubated with 1251 labeled goat anti 

rabbit immunoglobulins (Polyclonal MMP-7 antibodies) or 125 1 labeled goat 

anti mouse immunoglobulins (monoclonal MMP-7 antibodies). The membrane 

was then washed as mentioned previously and exposed to film at -80°C 

using an intensifying screen. 

11. Affinity Purification of MMP-7 Polycolonal Antibodies: 

MMP-7 10-Mer synthetic peptide was conjugated to CH-activated 

sepharose 4B using the procedure recommended by the manufacturer 

(Pharmacia Fine Chemicals). The conjugate was then washed twice with 1 x 

PBS and incubated with 0.5 ml of crude sera, from rabbits immunized with 

KLH-peptide, overnight at 4°C. The next day, the gel was washed twice 

with 1 x PBS. The gel was then put in a column and the MMP-7 antibodies 

were eluted using 0.15 M NaCL and 0.5M acetic acid and were neutralized 

with 0.25 M Trizma base. The eluded antibodies were concentrated and 

washed with 1 x PBS using Centriprep-30 from Amicon. 

12. Immunohistochemical Technique: 

Affinity purified MMP-7 polycolonal antibodies or monoclonal 

antibodies were tested against frozen sections of prostate carcinoma 

samples known to express MMP-7 mRNA by in situ hybridization and northern 

analysis. Briefly 5 pM frozen sections were prepared and fixed with cold 

acetone for 5 minutes. 100 ul of the antibody were incubated with the 

tissue at room temperature for 2 hours. The tissue was then washed and 

incubated with biotinylated goat anti rabbit or anti mouse 

immunoglobulins for 1 hour at room temperature. The sections were then 

washed with PBS and incubated with strep-avidin peroxidase conjugate for 
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30 minutes at room temperature. After washing in PBS, the slides were 

incubated in Diaminobenzidine (DAB) solution for 5 minutes and washed and 

counterstained with hematoxylin. 



RESULTS 

I- Northern Analysis of MMP-7 Transcripts in Prostate Tissue and 3 

Prostate Cell Lines: 
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The steady state levels of MMP-7 transcripts in various prostate 

tissues were initially studied using Northern blot analysis. Total RNA 

was extracted from eighteen prostate adenocarcinomas, two lymph nodes 

showing evidence of metastatic prostatic carcinoma, four benign prostate 

hyperplasia (BPH) and eleven normal prostate tissues. A 1.2 kb 

transcript was detected in 14 out of 18 primary prostate carcinomas, 1 

out of 2 prostatic metastatic lymph nodes, 1 out of 4 BPH and 3 out of 

11 normal prostate tissues (Fig. 1, 2 & Table 1). The steady state 

level of MMP-7 transcripts was also examined in three human prostate 

cell lines DU-145 (Stone et al., 1978), PC3 (Kaighan et al., 1979) and 

LNCaP (Horoszewicz et al., 1983). The MMP-7 mRNA was not detected in 

any of these cell lines (data not shown). All tissues utilized in these 

experiments were snap frozen surgical samples exept for normal prostate 

tissues which were fresh autopsy specimens. To insure the validity of 

the diagnosis, several sections were taken from different parts of each 

sample and stained with hematoxylin and eosin (H&E) and used for 

diagnosis. To insure equal loading and to assess the preservation of 

RNA samples, gels were stained with ethidium bromide and two ribosomal 

bands observed under the U.V. illumination. In addition, total RNA 
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extracted from human foreskin fibroblast (HFF) stimulated with TPA was 

used as a positive control to insure the quality of 32p labeled probes. 

HFF is known to express collagenase Type I and IV and stromelysin I & II 

after TPA treatment. Similarly, in vitro transcribed MMP-7 sense RNA was 

used as a control for MMP-7 probes. 

As shown in Fig. 1, the level of MMP-7 mRNA varies in samples 

from different patients. This variation might be due to heterogeneous 

nature of prostate carcinoma samples. For example, in one gram of 

tissue from one patient the ratio of transformed cells to normal stromal 

cell could be different compared to another sample from a different 

patient. It is also possible that malignant epithelial cells of one 

patient express higher levels of MMP-7 transcript compared to others. 

Unfortunately, since prostatic carcinoma samples are extremely 

heterogeneous, finding the exact source of this variation is almost 

impossible. 

Although there is some homology between the amino acid sequence 

of MMP-7 and other members of metalloproteinase family, the smaller size 

of MMP-7 mRNA (1.2 kb) compared to other collagenases, rules out the 

possibility of cross-hybridization. In addition, no cross-hybridization 

was observed when both MMP-7 and stromelysin I probes were 

simultaneously used against carcinoma samples and positive controls in a 

northern analysis (Fig. 1). The lack of cross-hybridization is due to 

the fact that the homology consists of a few similar amino acids 

followed by several non homologous sequences of amino acids. 

Unfortunately, metastatic prostatic lymph nodes as well as normal 

prostate samples are difficult to obtain. Therefore, statistical 



Figure 1. Results of a northern blot analysis using MMP-7 and 

stromelysin I cDNA. Lanes 1-13 prostate' adenocarcinoma. 

Northern blot analysis was carred out as described in 

"Materials and Methods" under high stringency conditions 

(O.IX SSC, 6S·C). 

SRNA = MMP-7 sense in vitro transcribed RNA. 

HFF = human foreskin fibroblast cells treated with TPA. 

St-l = stromelysin I cDNA. 

MMP-7 = MMP-7 cDNA. 
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Figure 2. Results of a northern blot analysis on normal human prostate 

samples using MMP-7 cDNA. Lanes 1-5 normal prostate 

tissues. Northern blot analysis was carried out as 

described in "Materials and Methods" under high stringency 

conditions (O.lX sse, 68°e). 

42 
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Figure 3. In Situ hybridization using 35S labelled antisense probe for 

MMP-7 mRNA. Benign gland (A), dysplastic gland (B), and 

invasive carcinoma, Gleason grade 3 (e) are all photographed 

from the same section. Panel D represents a second case and 

shows a pelvic lymph node with metastatic prostate carcinoma 

(stage D). Note intense labelling of the dysplastic gland, 

and primary and secondary carcinoma in relation to the low 

level of expression seen in the benign prostatic gland. In 

situ hybridization was carried out as described in "Material 

and Methods" under medium stringency conditions (2X sse at 

52°e). 



Figure 4. lrr situ hybridization of an invasive Gleason grade 5 human 

prostatic adenocarcinoma with an antisense and sense 35S 

labeled RNA probe. Note the high level of expression of 

MMP-7 mRNA in some invasive cells (A) and lack of reactivity 

when 35S labeled sense RNA probes was used (B), H&E x600. 

In situ hybridization was carried out as described in 

"Materials and Methods" under high stringency conditions 

(O.IX SSC at 52°C) to detect cells that are highly 

expressing MMP-7 mRNA. Under these conditions, cells with 

low level of expression of MMP-7 mRNA are not detected. 

44 
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Figure 5. Photomicrograph showing the result of in situ hybridization 

in a prostate adenocarcinoma sample using 355 labeled anti

sense MMP-7 cRNA. Note the expression of MMP-7 1n primary 

carcinoma (upper left), invasive carcinoma (middle), 

cribiform carcinoma (upper right) but not in stroma H&E 

x600. In situ hybridization was carried out as described in 

"Materials and Methods" under medium stringency conditions 

(2X sse at 52°e). 



Figure 6. Photomicrograph of in situ hybridization in a benign 

prostate tissue sample using 35S labeled MMP-7 anti-sense 

cRNA. Note the focal expression of MMP-7 in some epithelial 

cells but not in stroma. H&E x600. In situ hybridization 

was carried out as described in "Materials and Methods" 

under medium stringency conditions (2X sse, 52°e) 

46 
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Figure 7. In situ hybridization of a duct surrounded with inflammatory 

cells. Note the expression of MMP-7 mRNA in ductal 

epithelial cells and lack of expression in inflammatory 

cells (A) and lack of reactivity in the same duct when 35S 

labeled sense RNA probe was used (B),. H&E x600. In situ 

hybridization was carried out as described in "Materials and 

Methods" under high stringency conditions (O.1X sse at 

52°C). 
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Figure 8. Results of immunoblot analysis using rabbit polyclonal MMP-7 

antibodies against MMP-7 lO-mer peptide and KlH. Immunoblot 

analysis was carried out as described in "Materials and 

Methods". 

PBS = PBS control (no primary antibody) 

F = first bleed combined sera from 2 rabbits. 

S = second bleed combined sera from 2 rabbits. 

P = preimmune combined sera from 2 rabbits. 

numbers represent dilutions of sera. 
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Figure 9. lrr vitro translation of MMP-7 RNA using 35S labeled 

methionine in rabbit reticulocyte translation system. In 

vitro translation was carried out as described in "Materials 

and Methods". 

Sense = MMP-7 sense RNA 

antisense = MMP-7 anti-sense RNA 

- con = negative control consisting of all the components 

minus RNA. 

BMV + con = positive control using Bromo Mosaic virus RNAs. 
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Figure 10. Western blot analysis using polyclonal rabbit anti MMP-7 

antibodies against Mr~p-7 in vitro translated protein. 

Western blot analysis was carried out as described in 

"Materials and Methods". 

Immunized 2 bleed = combined sera from 2 rabbits immunized 

with KLH-MMP-7 peptide conjugate (second bleed) 

preimmune = combined preimmune sera from 2 rabbits. 
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Figure 11. Photomicrograph of avidin-biotin peroxidase experiment using 

a human prostate adenocarcinoma (A & B) and normal prostate 

tissues (C & D) and monoclonal anti-MMP-7 antibody. Note 

the staining of the acinar and ductal epithelial cells of 

the prostate carcinoma samples and focal staining of the 

normal basal epithelial cells. H&E x600. Strep avidin

biotin peroxidase was carried out as described in "Materials 

and Methods". 
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Figure 12. Results of northern blot analysis using collagenase type IV 

probe (IOO-mer oligonucleotide). Lanes 1-6 (prostate 

adenocarcinoma), F RNA from human foreskin fibroblasts 

(positive control). Northern blot analysis was carried out 

using 32p end labeled oligonucleotide under high stringency 

condition (O.5X SSC, 65°C). 
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Figure 13. Northern blot analysis of collagenase type I using 13 

prostate adenocarcinoma samples. Northern blot analysis was 

carried out as described in "Materials and Methods" under 

high stringencY'conditions (0.1 XSSC, 6S0C). 

Lanes 1-9 = prostate adenocarcinomas. 

Lanes 10-13 = normal prostates. 

HFF = RNA from human foreskin fibroblasts treated with TPA. 
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Table 1. Percent of Tissues Positive for MMP-7 Expression 

No. of Combined Total no. of 
cases examined 
by northern & 
in situ 

No. of positives/ 
total no. examined 
by northern 

positives/ Percentage 
total no. of 
examined Positives 
by in situ 

T~~e of 
Tissue 

Prostate 25 14/18 4/7 72% 
adencarcioma 

Metastatic 3 1/2 2/3 66% 
lymph node 

BPH 5 1/4 2/2 40% 

Normal 11 3/11 27% 

Numbers presented here represent samples from different individual 
patients. The presence of MMP-7 transcript in some prostate carcinoma 
samples have been confirmed both by northern analysis and in situ 
hybridization and have been counted as one sample in this tabre:-



Table 2. Northern analysis of type IV Collagenase, type I Collagenase 
and stromelysin I in prostate tissues. 

Type of Transcript No. of Positives/total No. of Positives/total 
Prostate Carcinoma no. of Normal Prostates 

Type IV Collagenase 6/10 0/4 

Type I Collagenase 0/9 0/4 

Stromelysin I 0/13 

55 
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analysis of the data was not possible. However, the difference in terms 

of the percentage of positives between carcinoma and normal samples are 

suggestive of differential expression (Table 1). 

II. Expression Pattern of MMP-7 Transcripts in Prostate Tissues as 

Detected by In Situ Hybridization: 

Although the presence of proteolytic enzymes in human tumors has 

been documented and a potential role for these proteases in human tumor 

invasion and metastasis has been proposed, it is still not clear whether 

the tumor cells themselves, inflammatory cells or other stromal cells 

are responsible for the secretion of these enzymes (Woolley et al., 

1984). To answer this questions in the context of human prostate 

tissues and to localize individual cells responsible for expression of 

MMP-7 transcripts in situ hybridization was utilized. 35S labeled 

antisense cRNA was used in these in situ hybridization studies. Seven 

prostate adenocarcinoma samples, three metastatic prostatic lymph nodes, 

two benign prostatic hyperplasia tissues were examined by in situ 

hybridization (Table 1). In situ hybridization showed the expression of 

MMP-7 message in invasive, metastatic and primary human prostate 

carcinoma (Figs. 3,4,5). Benign epithelial like structures showed focal 

expression of MMP-7 message (Fig. 6). In all of the tissue samples 

examined by in ~itu hybridization, MMP-7 mRNA was localized to 

epithelial cells of the prostate but not stromal or inflammatory cells 

(Fig. 5 & 7). All specimens utilized in northern analysis and in situ 

hybridization were selected based on histologic examination of H&E 

stained cryostat sections by a pathologist. In addition, to insure the 

validity of the diagnosis, some samples were stained with different 
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antibodies such as anti-keratin (KA1 & KA4) , anti-vimentin, anti

glycoprotein (ulex). These immunohistochemical studies were carried out 

to differentiate prostatic intraepithelial neoplasia (PIN) lesions from 

adenocarcinoma (Nagle, 1990). 

Fig. 3 shows the results of in situ hybridization in a case of 

adenocarcinoma shown to contain MMP-7 mRNA (by northern analysis). The 

in situ hybridization study of the same block showed that the invasive 

carcinoma as well as glands with abnormally thickened epithelial cells 

(carcinoma in situ or PIN) were positive whereas benign hyperplastic 

glands were negative (Fig. 3 A, B, e). Section D of Figure 3 shows a 

separate case of prostatic metastatic lymph node with positive signal 

over metastatic cells but not stromal cells. Figure 4 shows the result 

of in situ hybridization in an invasive prostate adenocarcinoma under 

high stringency of hybridization conditions. The high stringency 

condition (0.1 x sse, 52°e) was used to identify cells with high levels 

of MMP-7 expression. This subpopulation of invasive transformed 

prostatic cells may, in fact, be the cells which eventually metastasize 

to lymph nodes or bone marrow. Figure 5 shows the localization of MMP-7 

mRNA in invasive adenocarcinoma cell. In addition, cribriform carcinoma, 

infiltration of invasive cells into a duct, is shown on the upper right 

hand of Figure 5. Figure 6 indicates the focal expression of MMP-7 

message in benign epithelial cells. There is a possibility that these 

structures may transform to dysplastic or malignant cells. Figure 7 

shows the occasional expression of MMP-7 mRNA in epithelial cells of an 

inflammed duct but not in inflammatory cells. The lack of MMP-7 mRNA 

expression in inflammatory cells is interesting because of the fact that 
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inflammatory cells especially macrophages are a primary source of 

proteolytic enzymes secretion which enables them to pass through the 

basement membrane of vessels and to penetrate into stroma in order to 

reach the inflammed site in the tissue. Therefore, these data indicate 

that transformed epithelial cells of prostate adenocarcinoma are the 

site of expression for MMP-7 mRNA and not inflammatory cells or stromal 

cells. 

As a negative control and to prove the specificity of the probe 

in in situ hybridization a sense cRNA probe was utilized. The cRNA 

probe showed no reactivity in the tissues that were examined (Fig. 48 & 

Fig. 78). Since there is some homology between the nucleotide sequence 

of MMP-7 with other members of human collagenase family such as 

stromelysin and collagenase Type I, there is always a possibility that 

the probes cross-hybridize with other similar mRNAs. To rule out this 

possibility, antisense cRNA probe has been used rather than cDNA probe. 

After hybridizing this cRNA probe to MMP-7 mRNA in the tissue, RNase A 

and T1 were used to digest any probe that was nonspecifically hybridized 

to other similar mRNAs. High stringency conditions used in some in situ 

experiments (Fig. 4 & 7) as compared to medium stringency conditions 

(Fig. 3,5,6) identified cells that were highly expressing this 

metalloproteinase gene. 

III. Northern Analysis of Collagenase Type I and IV and Stromelysin I 

in Prostate Tissues: 

The steady state levels of human type IV and type I collagenases 

as well as stromelysin I were examined using northern blot analysis. 

Six out of ten (60%) prostate adenocarcinoma samples and none of the 
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four normal prostate tissues showed a 3.1 kb transcript (Fig. 12). HFF 

was used as a positive control in this experiment. The differences in 

the quantity of Type IV collagenase message shown in Figure 12 is either 

due to heterogeneous nature of the prostate adenocarcinoma samples or 

may represent different levels of mRNA expression in individual 

patients. All of the samples that we examined for the expression of 

type I collagenase (9 prostate carcinomas and 4 normal prostates) and 

stromelysin I (13 prostate carcinomas) were negative for the expected 

transcripts (Fig. 1 & 13, Table 2). Similarly, HFF was used as a 

positive control to insure the quality of the probe. In the stromelysin 

I experiment, both MMP-7 and stromelysin I probes were used in one blot. 

In this experiment HFF and stromelysin I inserts were used as positive 

controls for stromelysin I and in vitro transcribed sense MMP-7 RNA, and 

MMP-7 insert were used as a positive control for MMP-7 probe. Since 

there is a detectable size difference in message between stromelysin I 

and MMP-7 (1.8 kb & 1.2 kb respectively), both probes were used in one 

experiment in order to save the samples. As seen in Figure 1, using 

double stranded DNA insert as a positive control in northern gel is only 

adequate to insure the quality of the probe and can not be used as a 

size marker. However, HFF RNA and MMP-7 sense RNA can serve both 

purposes. 

IV- Generation and Characterization of Anti-MMP-7 Antibodies: 

A) Polyclonal antibodies: A ten-mer synthetic peptide unique to 

MMP-7 was conjugated to KLH and injected in to two rabbits to generate 

polyclonal antibodies against MMP-7 protein. Neither peptide alone or 

peptide-KLH conjugate could be used as antigen in ELISA for screening 
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the immunized sera from rabbits due to the fact that the peptide was 

highly hydrophilic and did not stick to ELISA plates. On the other 

hand, the KLH-peptide conjugate was insoluble and similarly could not be 

used for screening in ELISA assays. Alternatively, the peptide and KLH 

were covalentely conjugated to the APT paper and used for screening as 

mentioned in " Materials and Methods". Figure 8 shows the result of 

this experiment: no reactivity was found when PBS, preimmune sera or 

immune sera from first bleed samples were used against MMP-7 antigen 

(PBS, P10, FlO, F20). However, samples from second bleed showed 

reactivity against MMP-7 peptide (SlO, S20)' Using KLH as antigen, both 

first and second bleed samples showed the presence of antibody against 

KLH carrier protein (F50, S50): however, no reactivity was found when 

preimmune sera was used against KLH antigen (P50). These results 

indicated that induction of anti-MMP-7 antibodies required a longer time 

compared to KLH antibodies suggesting that 10-mer MMP-7 peptide was less 

immunogenic. It was also possible that low concentrations of MMP-7 

antibodies were present in samples from the first bleed but could not be 

detected due to the low sensitivity of the assay. On the other hand, 

this assay seemed to be specific for the antigens used since no 

background was observed when preimmune sera was utilized as a negative 

control. 

In order to characterize antibodies reactive with MMP-7 peptide, 

in vitro translated MMP-7 protein was utilized. In the first step, MMP-

7 protein labeled with 35S methionine was used to insure the presence of 

this protein in in vitro translated products. As shown in Figure 9, a 

28 kd protein was detected in this experiment: whereas, anti-sense MMP-7 
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RNA as well as in vitro translated components alone (-con) showed no 

protein products. Bromo Mosaic virus RNA was used in this experiment as 

a positive control and size marker. The size of MMP-l protein detected 

in this study (28 kd) was in agreement with the expected size of 

unactivated MMP-7 protein. 

In the next step, unlabeled in vitro translated MMP-7 protein was 

synthesized and used in western blot analysis to characterize the 

polyclonal anti-MMP-l antibodies. As shown in Figure 10, these 

antibodies did not recognize the ~ vitro translated product of MMP-7 

RNA as seen by the fact that there was no additional band in immunized 

sera compared to preimmune samples. The presence of identical band both 

in immune and preimmune sera was because of cross reactivity between 

auto antibodies present in rabbits sera and endogenous in vitro 

translated proteins in rabbit reticulocyte system. 

Anti-MMP-7 sera was affinity purified using CH-activated 

sepharose 4B conjugated to MMP-7 peptide. The purified antibody was 

then used against frozen sections of prostate carcinoma samples known to 

express MMP-7 mRNA. Using strep-avidin biotin assay, no reactivity was 

observed between MMP-7 antibodies and potential native MMP-7 antigen 

(data not shown). These results suggested that even though antibody was 

generated against MMP-l 10 mer synthetic peptide, it was not able to 

recognize either in vitro translated or native MMP-7 protein. This lack 

of reactivity may be explained by the fact that the antibody was raised 

against an epitope which may not exist on the surface of native or in 

vitro translated MMP-7 protein. 
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B) Monoclonal antibodies: A second approach to generate anti

MMP-7 antibody was to use monoclonal antibody technique. Therefore, a 

BALB-C mouse was injected with KLH-MMP-7 peptide conjugate as mentioned 

in " Materials and Methods". Supernatants resulted from hybridoma 

clones were screened against Dextran-MMP-7 peptide conjugate (soluble) 

by ELISA in order to select clones that only were reactive against MMP-7 

peptide and not KLH carrier protein. This approach was possible only 

because the Dextran-peptide conjugate was soluble and could be used to 

coat ELISA plates. Initial screening of hybridomas resulted in 

identification of one clone reactive with Dextran-MMP-7 peptide in the 

ELISA assay. The monoclonal antibody was tested against frozen sections 

of prostate carcinoma as well as normal prostate samples by 

immunohistochemistry. This antibody reacted with prostatic duct and 

acinar epithelium but not with smooth muscle and stromal cells in 

sections from prostate carcinoma samples (Fig. 11). In addition, this 

antibody reacted focally with the basal epithelium of the normal 

prostate tissues. This antibody has not been tested against in vitro 

translated MMP-7 protein by western blot analysis. As shown in Figure 

11, potential anti-MMP-7 antibody reacted with ductal and acinar 

epithelial cells but not with stromal components. This antibody should 

be characterized by performing blocking studies using MMP-7 synthetic 

peptide. 
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DISCUSSION 

Even though prostate adenocarcinoma is one of the most common 

cancers occuring among men (Cancer Statistics 1988), the patho

physiology of this malignancy is still unclear. Some prostate tumors 

stay dormant for decades, while others rapidly metastasize (Schmalhorst 

et al., 1964; Droller et al., 1980). The lack of understanding of this 

malignancy in part is attributable to scarcity of animal models of 

prostatic carcinoma that mimics human disease. In addition, inability 

to establish enough human prostate carcinoma cell lines, with 

phenotypes similar to primary or metastatic human carcioma cells, has 

been a major drawback to the understanding of this malignancy. An 

alternative approach to the use of animal models or cell lines is the 

utilization of frozen or formalin fixed human prostate carcinoma 

samples to identify "marker" genes or proteins that may playa role in 

the pathogenesis of this disease. A major drawback to this approach is 

the difficulty in obtaining fresh frozen hUman samples as well as 

inability to manipulate the system in order to provide more information 

about the expression of potential factors that may playa role in the 

initiation or invasion and metastasis of this tumor. In spite of the 

problems, which exists, every piece of information gathered using any 

of the three systems mentioned above could contribute to the better 

understanding of this malignancy. 
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Metastasis is the end result of a series of complicated steps 

consisting of complex biochemical interactions between malignant cells 

and their surrounding tissues. A three step process has been suggested 

for describing the initial sequence of events during tumor cell 

invasion and metastasis (Liotta et al •• 1986). The first step is the 

attachment of the tumor cells via plasma membrane receptors to 

extracellular matrix mediated by specific matrix glycoproteins such as 

fibronectin and laminin as well as integrin receptors on the tumor 

cells. A family of cell surface glycoproteins terms "integrins" have 

been identified which bind to a variety of proteins such as laminin and 

fibronectin. vitronectin and type I collagen. This binding is through 

RGD sequences present in a wide variety of proteins which serves as the 

recognition site for binding of integrins. Integrin proteins are 

believed to align adhesion prot~ins such as fibronectin with 

intracellular filaments such as actin. thus altering the cell 

morphology. Furcht has shown that co-injection of tumor cells with 

large quantity of RGD peptide will inhibit metastasis in animal models 

(Furcht 1986). The RGD peptides may inhibit the adhesion of tumor 

cells to the endothelial surface. This action may directly or 

indirectly be mediated by integrin proteins. Cell surface receptors for 

the basement membrane glycoprotein laminin mediate adhesion of tumor 

cells to the basement membrane prior to invasion. Wewer et al has 

shown that altered levels of laminin receptor mRNA in various human 

carcinoma cells leads to different abilities of these cells to bind 

laminin (Wewer et al •• 1986). Laminin playa role in cell attachment, 

cell spreading, mitogenesis, morphogenesis and cell movement. Many 
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types of neoplastic cells contain high affinity laminin receptors 

(Wewer et al., 1986). Breast carcinoma and colon carcinoma tissues 

contain a higher number of unoccupied receptors compared to benign 

tissues. The laminin receptor of normal epithelium may be concentrated 

at the basal surface and occupied with laminin in the basement 

membrane. In contrast, the laminin receptors on invading carcinoma 

cells are amplified and may be distributed over the entire surface of 

the cell. Barsky et al have shown that the laminin receptor may playa 

role in hematogenous metastasis (Barsky et al., 1984). Treating tumor 

cells with the receptor binding fragment of the laminin protein 

markedly inhibits lung metastasis from hematogenously introduced tumor 

cells by blocking the adhesion of circulating tumor cells to the 

subendothelial basement membrane. 

In the next step following attachment, tumor cells either 

secrete or induce secretion of proteolytic enzymes which can degrade 

components of the extracellular matrix including collagen type I and 

IV, fibronectin, laminin, proteoglycans and elastins. The tumor cells 

most likely secrete these proteases in a localized region next to their 

plasma membrane to prevent inactivation by tissue inhibitors of 

metalloproteinases (TIMP). In vitro studies of tumor cell invasion of 

the extracellular matrix have shown that cell proliferation is not 

absolutely required and therefore invasion of matrix is not due to 

passive growth pressure but requires active biochemical mecahnisms 

(Thorgeirsson et al., 1984). Inhibitors of protein synthesis or 

inhibitors of proteinases block invasion of the matrix (Sugarbaker 

1981). Therefore, many research groups have proposed that invasive 
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tumor cells secrete matrix degrading enzymes (Liotta et al., 1986: 

Goldberg et al., 1986: Fessler et al., 1984). Collagen is important 

because it constitutes the structural scaffolding upon which other 

components of the matrix are assembled. Tumor derived collagenases 

which degrade interstitial collagen types I, II and III have been 

characterized (Goldberg et al., 1986). Basement membrane specific 

collagen type IV and V are not suceptible to classic collagenase which 

degrades collagen type I, II, III. Type IV collagenases cleave type IV 

collagen and are shown to be augmented in highly metastatic tumor cell 

(Garbisa et al., 1987). Stromelysin is another member of 

metalloproteinase family with 55% similarity in amino acid sequence to 

collagenase type I. Stromelysin cleaves components of extracellular 

matrices including proteoglycans, fibronectin, laminin, soluble type IV 

collagen and elastin but not type I collagen (Chin et al., 1985). Not 

much is known about its occurance in neoplasia: However, it is 

homologous with rat transin which can be induced in rat embryo 

fibrblast by oncogenic transformation (Matrisian et al., 1986). The 

last member of metalloproteinase family is PUMP-lor MMP-7 which has 

been isolated from a cDNA library made from 69 human tumors using rat 

transin probe (Muller et al., 1988). MMP-7 codes for a protein with 

267 amino acids and has 49% and 44% homology in amino acid sequences to 

stromelysin and collagenase type I respectively. Most recently it has 

been shown that MMP-7 when activated is able to degrade casein, 

gelatins of type I, III, IV, V and fibronectin and can activate 

collagenase. In addition, active MMP-7 is inhibited by EOTA and tissue 

inhibitor of metalloproteinase (TIMP) (Quantin et al., 1989). 
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Interestingly, it has been shown that signal transduction 

through fibronectin and laminin receptor induces collagenase and 

stromelysin (Werb et al, 1989). Werb et al. have recently shown that 

binding of RGD sequences derived from fibronectin to fibronectin 

receptor in rabbit synovial fibroblasts induces the expression of genes 

encoding the secreted extracellular matrix-degrading metalloproteinases 

collagenase and stromelysin (Zena Werb et al., 1989). Monoclonal 

antibody to fibronectin receptor but not native fibronectin was shown 

to induce stromelysin and collagenase in this study. They concluded 

that binding of various ligands to integrins may orchestrate the 

expression of genes regulating cell behavior in the extracellular 

environment. Similarly, it has been shown that binding of laminin or 

its fragments to laminin receptor in human melanoma cells (A2058) 

significantly increased the release of type IV collagenolytic activity. 

It was concluded that tumor cell binding to laminin, which comprises 

the first step of basement membrane invasion, would induce the second 

step, namely the collagenolytic dissolution of the basement membrane 

(Turpeenniemi-Hujanen et al.,1986). 

The third step, in the process of cell invasion, is the 

migration of the tumor cells through the extracellular matrix which has 

been modified by the proteases. This process of migration could be 

mediated through autocrine motility factors as well as chemotactic 

factors. Autocrine motility factors are a newly described class of 

proteins which bind to a cell surface receptor and profoundly stimulate 

motility. They are distinct from known growth factors and their 

mechanisms of action involves the membrane G protein pathway inhibited 
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by pertusis toxin. The chemotactic factors derived from serum, organ 

parenchyma, or the matrix itself may influence the organ specificity of 

metastases (Liotta 1988). Continued invasion of the matrix may take 

place by cyclic repetition of these three steps (Nicolson et al., 

1982). 

Since collagenases are active at neutral PH in the 

extracellular matrix their activity depends on the regulatory control 

of collagenases expression. Early studies indicated that overabundant 

local production of collagenases by synovium (Harris et al., 1970) or 

by certain invasive tumors (Baue et al., 1977) could result in loss of 

normal connective tissue components. Similarly, in certain normal 

processes such as wound healing (Grilo 1964) and resorption of post 

partum uterus (Woessner 1980) large amount of collagen resorbed over a 

relatively short period. Thus in pathological states tissue 

destruction seems to be related to ineffective regulatory control. 

Expression of metalloproteinases are mainly regulated at 

transcriptional level. Tumor promoter (TPA) (Schonthal et al., 1988), 

tumor necrosis factor-a (Berner et al., 1989) and various oncogenes and 

growth factors enhance expression of certain metalloproteinases at 

transciptional level (Frisch et al., 1987, Breathnach et al., 1987). 

Metalloproteinases are secreted in a latent form and are activated in 

vivo by a pathway that involves plasmin (Perez-Tamayo, 1982). Activated 

stromelysin can also superactivate collagenase (Matrisian 1990). 

Another important level of control is exerted at the proteinase level 

by inhibitors of enzyme activity such as a2-macroglobulin and tissue 

inhibitor of metalloproteinases (TIMP) (Khokha et al., 1989). a2-
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macroglobulin accounts for much of the antimetalloproteinase activity 

in serum and is mainly active against proteases that enter the blood 

stream. TIMP is not active against the serine, cystein, aspartic 

proteinase or bacterial metalloproteinases but can inhibit all 

eukaryotic metalloproteinases thus far studied (Murphy et al., 1985, 

Welgus et al., 1985). It regulates the breakdown of collagen and 

basement membrane components in a number of situations (Jeffrey 1986, 

Carrilovic et al., 1987) by forming an essentially irreverisble 1:1 

complex with the target metalloproteinase, thus the 

TIMP/metalloproteinase ratio is very important, and small changes in 

this ratio can have a dramatic effect on metalloproteinase activity 

(Welgus et al., 1985). Transforming growth factor-p, (TFGp,) 

selectively suppresses collagenases and stromelysin expression and 

stimulates TIMP expression, thus favoring an increase in extracellular 

matrix components (Edwards et al., 1987). In contrast, human 

recombinant interleukin-1a promotes matrix degradation in rabbit 

uterine cervical fibroblast by stimulating collagenase production and 

suppressing synthesis of TIMP (Ito et al., 1988). Therefore, lack of 

regulatory mechanisms of metalloproteinase expression in pathological 

conditions such as tumor invasion and metastasis may result in higher 

protease activity which consequently leads to the degradation of 

basement membrane and interstitial tissue components. 

Total loss or marked disorganization of the basement membrane is 

a general finding during the transition from benign to malignant 

epithelial neoplasm (Liotta et al., 1983). Barsky et al. used anti 

type IV collagen and anti laminin antibodies against both fresh-frozen 
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and formalin fixed tissue sections of a variety of invasive carcinomas, 

carcinoma in situ and their benign counterparts. These included 

samples of breast, skin, pancreas and prostate. They showed that 

benign and in situ lesions had intact basement membrane, whereas, the 

majority of invasive carcinomas lacked immunoreactivity for both of 

these basement membrane components (Barsky et al., 1983). Therefore, 

they concluded that the finding of basement membrane disruption at the 

site of microinvasion was consistant with enzymatic degradation of this 

basement membrane. We have recently shown in our laboratory that there 

is a relationship between the loss of basement membrane and histologic 

grade of human prostatic carcioma (Fuch et al., 1989). In this study, 

anti type IV collagen and anti laminin antibodies were used against 55 

samples of human prostate representing various grades of prostate 

carcinoma. Our findings indicated that benign prostate (N=15) had 

basement membrane around 99% of the acini, where as, Gleason grade II 

adenocarcinoma (n=9) had 65%, Grade III (n=5) had 23%, Grade IV (n=12) 

had 15% and Grade V (n=7) had 0% basement membrane around glandular 

structures. None of the metastases (n=7) had visible basement 

membrane. These findings initiated the hypothesis that the progressive 

loss of basement membrane in prostate adenocarcinoma might be due to 

secretion of proteolytic enzymes which leads to degradation of the 

basement membrane and interstitial tissues and enables the 

subpopulation of transformed cells to invade their surrounding tissue 

and metastasize to lymph nodes and other organs. 

To test this hypothesis, the expression of metalloproteinases 

were investigated both by northern analysis and in situ hybridization. 
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Metalloproteinase gene family was chosen to investigate the cause of 

basement membrane loss in prostate adenocarcinoma for the following 

reasons: first, there is some evidence that links the secretion of 

these enzymes to more malignant phenotypes (Muller et al., 1988, 

Woolley et al., 1984, Liotta 1986). Second, some of these genes have 

been isolated from tumor sources. For example, MMP-7 (PUMP-I) was 

originally isolated from a cDNA library prepared from RNA isolated from 

69 human tumors including primary adenocarcinomas, upper respiratory 

tract carcinomas, basal cell carcinomas, malignant melanoma, sarcomas, 

teratocarcinoma, squamous cell carcinomas and 12 metastatic lymph nodes 

(Muller et al., 1988). Third, the members of metalloproteinase family 

act specifically on the components of basement membrane and 

interstitial tissues including type I and IV collagen (tryggvason et 

al., 1987). Fourth, the availability of cDNA probes from this gene 

family including, type I and V collagenase, stromelysin I and MMP-7. 

The main purpose of this study was to determine if there is 

evidence for differential expression of the human metalloproteinase 

gene, MMP-7 and other collagenases in the development of adenocarcinoma 

of the prostate. The only published study regarding the presence of 

proteolytic enzymes in human prostate is that of Rees et al. who showed 

that plasminogen activator is present in the central zone of normal 

human prostate (Rees et al., 1988). Using both northern analysis and 

in situ hybridization, differential expression of MMP-7 gene was 

demonstrated in tissues containing prostatic adenocarcinoma. The 

results from this study indicate that 72% of prostate adenocarcinomas 

(n=25) and 2 out 3 metastatic lymph nodes compared to 40% of BPH (n=5) 



and 27% of normal prostate tissues (n=ll) express MMP-7 transcripts 

(Table 1). Since human metastatic prostatic lymph nodes as well as 

normal human prostate samples are difficult to obtain, statistical 

analysis of the data was not possible. However, the difference in 

terms of the percentage of positives between carcinoma and normal 

samples are suggestive of differential expression. 
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In this study, three out of eleven normal prostate samples 

showed by northern analysis a low but detectable levels of MMP-7 

expression. The presence of proteolytic enzymes in different normal 

human tissues have been documented (Mullins et al., 1983). However, 

most investigators have found a higher proteolytic activity in tumor 

samples compared to normal tissues. Abermason et al. have studied the 

collagenase activity in head and neck carcinomas to determine if the 

amount of collagenase activity could be correlated with the clinical 

behavior of the disease (Abramson et al., 1975). They reported that 

oral cavity tumors had greater activity than laryngeal carcinomas while 

both sites were more active than normal uninvolved mucosa from the same 

patient. Interestingly, at 18 month after the diagnosis, four of six 

patients in this study with the most aggressive tumors (higher 

collagenase activity) died of their cancers. They concluded that high 

collagenase activity might be a factor in the clinical aggressiveness 

of epidermoid carcinomas of the head and neck. In another study 

conducted by Woolley et al., collagenase type I was detected in five 

out of fourteen cutaneous secondary melanomas. In contrast, very 

little enzyme was seen in 10 specimen of normal human skin. They 

concluded that their finding supported the hypothesis that collagenases 
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facilitate connective tissue breakdown which is associated with tumor 

invasiveness and metastatic spread (Woolley et al., 1980). Similarly, 

Bauer et al. found immunoreactive collagenase protein to be 

approximately 2-fold greater in extracts of human basal cell carcinomas 

samples than in extracts of normal human skin (Bauer et al., 1977). 

Therefore, differential expression of MMP-7 found in this study is in 

agreement with other investigators who have found higher activities of 

these proteolytic enzymes in different tumors compared to their normal 

counterpart. A low level of MMP-7 expression in three out of eleven 

normal prostate samples (27%) in this study may be due to transient 

expression of this metalloproteinase which in turn may reflect its 

normal transitory function in response to injury or normal remodeling 

in this tissue. On the other hand, more frequent expression in 

prostate adenocarcinoma (72%) may be caused by loss of MMP-7 regulatory 

elements which may contribute to the invasive and metastatic potential 

of transformed prostatic cells. As it is shown in Fig. 7, we have 

occasionally seen, by in situ hybridization, the expression of MMP-7 

mRNA in inflammed ductal epithelium. This, in fact, may be the site of 

MMP-7 expression in normal prostate tissue. This assumption is 

supported by the fact that production of collagenase can be stimulated 

by interleukin-1 (IL-1) in fibroblasts (Brinkerhoff et al., 1989). 

Therefore, MMP-7 may be induced by IL-1 released from macrophages that 

surround inflammed prostate ducts. Alternatively, expression of MMP-7 

in normal prostate tissue could be involved in the normal process of 

basement membrance turn over, whereas, in the case of prostate 

adenocarcinoma, unregulated more frequent expression of MMP-7 and other 



collagenases of transformed tumor cells can lead to degradation of 

basement membrane surrounding these cells and facilitate invasion and 

metastasis of the tumor. 
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In a number of tumor models it is not clear that the higher 

level of expression of the protease genes is due to tumor cells or to 

stromal and inflammatory cells (Woolley et al., 1984). Macrophages are 

invariably present at invasion site of different types of neoplasm, 

although their relative number may vary in tumors of mesenchymal or 

epithelial origin (Svennerig et al., 1979). Macrophages, not only are 

known to secret variety of proteolytic enzymes, but have also been 

shown to stimulate collagenase production in fibroblasts (Laub et al., 

1982) and in tumor cells (Henry et al., 1983). These findings 

suggested that macrophages/tumor cell interaction might playa 

regulatory role in controlling the metastatic phenotype. Quantin et 

al. have, in fact, suggested that the expression of MMP-7 mRNA in a 

variety of human tumors could be due to inflammatory cells rather than 

tumor cells (Quantin et al., 1989). The use of in situ hybridization 

technique in this study has allowed a direct determinatin of which 

cells in the prostate are expressing the MMP-7 gene at the messenger 

RNA level. Preliminary studies of In situ hybridization revealed the 

expression of MMP-7 mRNA in the glandular epithelial cells of invasive 

carcinoma and metastatic prostatic lymph nodes but not in stromal or 

inflammatory cells (Fig. 3,4,5,7). On the other hand, benign 

epithelial cells occasionally showed focal expression of MMP-7 message 

(Fig. 38 and 6). This finding suggest that MMP-7 expression in 

transformed glandular epithelial cells of prostate may playa role in 
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invasion and metastasis of these cells. Information on premalignant 

leions e.g prostatic intraepithelial neoplasia (PIN) in regard to 

expression of MMP-7 mRNA are not yet available but would be of 

particular interest. ~ situ analysis revealed that macrophages and 

lymphocytes did not express the MMP-7 message (Fig. 7), even though 

they are known to secrete a variety of proteolytic enzymes. It is also 

possible that inflammatory cells might induce tumor cells or normal 

epithelial cells to produce proteolytic enzymes. The data presented in 

this study cannot rule out this possibility. The high stringency 

conditions used in in situ hybridization studies identified transformed 

cells with high metastatic potentials: Whereas, medium stringency 

conditions were used to detect all cells expressing MMP-7 mRNA. 

Since invasive tumor cells must pass through several barriers, 

containing different components such as type I and IV collagen and 

laminin etc., it seems unlikely that one enzyme can achieve the lytic 

action required to penetrate all these conenctive tissue barriers. The 

production of the type IV collagen-degrading enzymes would be of 

paramount importance for degrading a basement membrane, but once this 

is achieved other enzymes are required for stromal collagen degradation 

if an effective tumor cell invasion is to be achieved. 

Various studies have shown the role of metalloproteinases, 

particularly type IV collagenase, in basement membrane degradation at 

the tumor-host interface where key events in invasion occur (Monteagudo 

et al, 1990). Evidence comes in part from the observation that 

invasive, metastatic cell lines are more effective than noninvasive, 

non metastatic cell lines at degrading collagen type IV, and in part 
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from studies done with inhibitors of various proteinases. Liotta et 

ale have quantitated the ability of several murine tumor cell lines of 

known metastatic potential to degrade type IV collagen. They found 

that cell lines with the highest incidence of spontaneous metastasis 

exhibited the greatest level of type IV collagen degrading activity 

(Liotta et al •• 1980). Ura et ale compared the transcriptional levels 

of type IV collagenase and type IV procollagen with properties of 

invasiveness ~ vitro and tumorigenicity and metastatic ability in 

athymic nude mice. They showed that the cell lines derived from tumor 

obtained by injecting the original immortalized human bronchial 

epithelial cell lines into nude mice exhibited enhanced invasive and 

metastatic abilities and increased level of type IV collagenase mRNA 

when compared with the original human bronchial epithelial cell lines 

(Ura et al •• 1989). Wang. et ale demonstrated that micromolar 

concentration of estramustine. a drug used for treatment of patients 

with prostate carcinoma. inhibited invasion of selected DU-145 prostate 

cell line through the synthetic basement membrane. They showed that 

estramustine inhibited membrane invasion by blocking type IV 

collagenase secretion (Wang et al •• 1988). Knuiman et ale used anti 

type IV collagenase antibodies to screen 25 cases of invasive breast 

carcinomas. They found intense cytoplasmic immunoreactivity in all 25 

cases. Such immunoreactivity was present only in invasive areas. 

Areas of carcinoma in situ and adjacent benign ductal and acinar 

structures did not demonstrate this immunoreactivity (Knuiman et al., 

1983). 
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In this study, six out of 10 (60%) prostate adenocarcioma 

samples that were examined by northern analysis showed evidence of type 

IV collagenase transcripts, whereas, none of the four normal prostate 

samples expressed this transcript (Fig. 12, Table 2). Interestingly, 

all 6 samples that were positive for type IV collagenase were also 

positive for MMP-7 transcripts. These data further suggest that the 

expression of these two metalloproteinase may complement each other and 

may contribute to the process of cell invasion and metastasis. It has 

been shown that stromelysin and collagenase genes are coordinately 

regulated (Frisch et al., 1987). It is possible that in this case, 

MMP-7 and type IV collagenase are also coordinately regulated. 

Expression of type IV collagenase in prostate adenocarcinoma can lead 

to the digestion of type IV collagen present in the basement membrane. 

Subsequently, MMP-7 can degrade laminin and gelatin produced as a 

result of type IV collagen degradation. The fact that expression of 

these two metalloproteinases was not observed in'all cases examined, 

suggests that either expression of metalloproteinases are turned off in 

these cells possibly because they are in a stage that they do not need 

to express these enzymes any more or these cells have lower invasive 

potential and are less likely to metastasize. Another alternative is 

the expression of other proteolytic enzymes such as cathepsin B or 

plasminogen activator in these cells that enables them to increase 

their metastatic abilities. 

Invasive tranformed cells not only should be able to degrade 

components of basement membrane such as type IV collagen, but also 

should be able to degrade type I collagen, present in interstitial 
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tissue, before they be able to penetrate into vessles or lymphatics. 

All of the samples that were examined for the expression of type I 

collagenase (9 prostate carcinomas and 4 normal prostate) and 

stromelysin I (13 prostate carciomas) showed no evidence of the 

expected transcripts (Fig. 1 & 13 and Table 2). It is possible that 

stromelysin -II, a newly member of human metalloproteinase family, 

urokinase plasmiogen activator, or some other undiscovered members of 

metalloproteinase family are expressed in prostate adenocarcioma and 

are responsible for the degradation of type I collagen and other 

components of interstitial tissue. Alternatively, the data concerning 

substrate specificit.,! of MMP-7 is obtained from in vitro studies, it is 

possible that MMP-7 enzyme is able to degrade type I or even type IV 

collagen in vivo. 

The three human prostate cell lines that were tested (DU-145, 

PC3, LNCaP) showed no evidence of MMP-7 expression. This could be due 

to the fact that cell lines usually change their phenotypes as a result 

of long in vitro culturing. All of the these cell lines have been kept 

in culture for several years. It has been shown that selection of DU-

145 cell by passing them through synthetic membrane restore the 

expression of type IV collagenase in these cells (Wang et al., 1988). 

Another aspect of the role of metalloproteinases in tumor 

invasion and metastasis is the expression of tissue inhibitor of 

metalloproteinases. It has been shown that the invasiveness of a 

particular tumor not only depends on the expression of 

metalloproteinases, but also is a function of balance between these 

enzymes and TIMP expression (Khokha et al., 1989). It has also been 
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shown that transforming growth factor beta (TGFp) inhibited collagenase 

induction and increased TIMP expression in MRC-5 human fibroblasts 

(Edwards et al., 1987). Khokha et ale have also shown that mouse 3T3 

cell lines capable of constitutively synthesizing antisense TIMP, 

secreted less TIMP compared to parental line and were more tumorigenic 

and metastatic in athymic mice. They concluded that TIMP may supress 

oncogenicity at least in immortal murine 3T3 cells (Khokha et al., 

1989). Unfortunately, expression of TIMP in prostate carcioma samples 

was not examined in this study, due to the unavailability of the probe. 

It is possible that patients who express MMP-7 and type IV collagenase, 

express low levels of TIMP mRNA; therefore, these metalloproetinases 

can activate each other and degrade their substrate without being 

inactivated by TIMP. Studies concerning the expression pattern of TIMP 

in human prostate adenocarciomas will greatly contribute to the 

understanding of this malignancy. 

Little is known about expression pattern of growth factors or 

activation of oncogenese in human prostate adenocarcinoma. Using anti 

epidermal growth factor antibodies (EGF) , Fowler et ale have 

demonstrated the presence of this factor in 40% of localized tumors and 

all of the metastatic samples they examined (Powler et al., 1988). 

Konishi et ale examined 23 specimens of human prostate carcinoma for K

ras mutation and p21 expression. They showed K-ras mutation in 6 out of 

23 samples (26%). in addition, the presence of p21 protein was 

confirmed in this study, using anti p21 antibodies (Konoshi et al, 

1990). Although, no study has been done to show the induction of MMP-7 

or type IV collagenase by activation of ras oncogene or EGF, these two 
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factors have been shown to induce transin (Matrisian et al., 1986), rat 

and mouse strome lysin: Transin or strome lysin is overexpressed in mouse 

squamous cell carcinoma compared to benign papilloma (Matrisian et al., 

1986). Over expression of MMP-7 and type VI collagenase in prostate 

adenocarcinoma is most likely caused by activation of ras or other 

oncogenes. Alternatively, expression of EGF and other growth factors 

my also contribute to the expression of these two metalloproteinases 

and eventually to the invasive potential of prostatic carcinoma cells. 

Generation of polyclonal antibodies specific for MMP-7 native 

enzyme was not possible due to unavailability of MMP-7 protein. Since 

MMP-7 is a newly discovered member of metalloproteinase family, no cell 

line is known to produce this enzyme at the present time. However, 

search for such cells is in progress. Recently, cos cells have been 

transfected with a plasmid construct containing IgG binding site of 

protein A and full length MMP-7 cDNA (Quantin et al., 1989). 

Unfortunately. the quantity of MMP-7 protein isolated from these cells 

is not enough to generate antibody against it. Even if the MMP-7 

protein was available, antibodies produced against the native enzyme 

would not be specific for MMP-7 because of the fact that there is high 

degree of homology between MMP-7 and other metalloproteinases and as a 

result anti MMP-7 antibodies in this case would cross react with other 

metalloproteinases. Therefore, the other alternative was to generate 

antibodies against a unique synthetic peptide corresponding to the 

amino acid sequence of MMP-7. A major problem to this approach is the 

lack of cross reactivity between anti-peptide antibodies and native 

protein due to the fact that the synthetic peptide mimics a linear 
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epitope and this linear epitope may not exist in the native protein. 

On the other hand, it is known that almost all of the epitopes that 

exist in native proteins are conformational rather than linear, so this 

will further reduce the chance of cross reactivity (Erlanger 1980). 

Another major drawback to this approach is generation of low quantity 

of low affinity antibodies or inability to generate antibodies due to 

the fact that synthetic peptides have low molecular weights (specially 

if they have less than twenty amino acids) and as a result are not very 

antigenic. 

Unfortnately, MMP-7 la-Mer synthetic peptide was the only 

candidate epitope unique to this enzyme. Although, other investigators 

have sometimes been able to generate antibodies against peptides with 

at least 10 amino acids, generally the higher the number of amino acids 

are in a peptide, there is a better chance of producing antibody 

against it. The attempt to produce polyclonal antibodies against 10-

Mer peptide resulted in a popluations of antibodies which only 

recognized the synthetic peptide (Fig. 8) but not in vitro translated 

product of MMP-7 RNA (Fig. 10) or native MMP-l protein in the frozen 

tissue. It is possible that antibodies generated against the peptide 

does not cross-react with the native protein either because of the 

conformational differences between synthetic and real epitope or 

because this epitode is not exposed on the surface of the protein. Low 

affinity and concentration of the polyclonal antibodies could 

alternatively explain the lack of reactivity with the native protein in 

the tissue. Attempts to generate monoclonal antibodies against the 10-

mer peptide resulted in isolation of a clone reative with Dextran-
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peptide complex in ELISA. This antibody recognized an epitope, in 

frozen prostate carcinoma tissues, present in acinar, ductal and 

focally in normal basal epithelial cells but did not react with smooth 

muscle in stroma (Fig. 11). This antibody also recognized different 

structures in various tissues such as skeletal muscles of squamous cell 

carcinomas. Since in situ hybridization studies showed the expression 

of MMP-7 transcripts only in epithelial cells and not stromal cells and 

since this monclonal antibody also reacted with acinar and ductal 

epithelium of the prostate carcinoma tissues but not with stromal 

components, it is likely that this antibody recognizes an epitope in 

MMP-7 native protein. A different alternative to generate antibodies 

specific to MMP-7 may be injecting mice with MMP-7 whole protein and 

selecting clones that react with MMP-7 antigen but not other 

metalloproteinase in ELISA. 

This is the first investigation concerning the expression 

pattern of metalloproteinases in human prostate carcioma. 

Unfortunately, metastatic prostatic lymph nodes as well as normal 

prostate samples are difficult to obtain. Therefore, statistical 

analysis of the data was not possible. However, the differences in 

terms of the percentage of positives between carcioma and normal 

samples are suggestive of differential expression of MMP-7 transcript. 

The expression of type VI collagenase in 6 out of 10 carcioma samples 

and lack of its expression of 4 normal prostate tissues is also 

suggestive of differential expression of this metalloproteinase in the 

human prostate tissue. Further studies are necessary to localize the 

individual cells responsible for the expression of type IV collagenase 



in human prostate carcinomas. In addition, co transfection of human 

prostate cell lines with MMP-7 and type VI collagenase and evaluation 

of these cells in ~ vitro invasion assay could elaborate the role of 

these metalloproteinases in the development of prostate 

adenocarcinomas. 
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Though a functional role for the MMP-7 protease in prostatic 

carcinoma invasion and metastasis has not been established, the data 

showing the differential expression of these metalloproteinases during 

tumor development suggest a role for MMP-7 and type IV collagenase in 

metastatic prostatic carcinoma. 
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CONCLUSIONS 

1. The combined results of northern analysis and in situ hybridization 

using MMP-7 probe indicated that 72% of adenocarcinomas, 66% of 

metastatic prostatic lymph nodes, 40% of BPH and 27% of normal prostate 

tissues express MMP-7 transcripts. 

2. Differential expression of MMP-7 in prostate adenocarcinomas 

compared to normal prostate tissues suggest a role for MMP-7 in the 

process of invasion and metastasis in this malignancy. 

3. In situ hybridization using anti-sense MMP-7 RNA revealed that MMP-7 

mRNA was expressed in epithelial cells of primary carcinoma as well as 

invasive and metastatic cells. MMP-7 expression was also seen focally 

in some benign epithelial cells but not in inflammatory or stromal 

cells. 

4. Expression pattern of type IV collagenase in human prostate 

adenocarcinoma compared to normal prostate tissues (60% of 

adenocarcinomas and none of the 4 normals were positive for type IV 

collagenase transcripts) similarly suggests the differential expression 

of this enzyme in prostate adenocarcinoma. All 6 prostate 

adenocarcinomas that expressed type IV collagenase also expressed MMP-7 

mRNA. Therefore, these two metalloproteinases may complement each other 

in the process of cell invasion and metastasis in human prostate 
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adenocarcinoma. 

5. No expression of collagenase type I and stromelysin I were detected 

in the human prostate adenocarcinoma and normal prostate tissues that 

were examined. 
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