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INTRODUCTION 

The long-term objective of this project is to develop a new treatment for breast cancer 
based on blockade of the autocrine growth factor activity of procathepsin D. Breast cancer 
cells secrete procathepsin D, the enzymatically inactive form from which the aspartic 
proteinase cathepsin D is generated by removal of an activation peptide (APpCD). 
Procathepsin D has been identified as an independent prognostic factor in several forms of 
cancer, particularly breast cancer. In preliminary experiments, procathepsin D was found to 
act as a specific autocrine growth factor for breast cancer-derived cells, but not for any other 
cell type tested. These effects were mediated through a specific receptor expressed on breast 
cancer cell lines that is distinct from the usually proposed cathepsin D-specific mannose-6- 
phosphate receptor. The region of procathepsin D responsible for its mitogenic activity was 
localized to APpCD and amino acids 27-44 of the APpCD sequence. No growth factor 
activity could be shown with the mature enzyme cathepsin D. The proposed specific aims are 
based on the central hypothesis that procathepsin D is involved in breast cancer via a specific 
receptor that mediates autocrine activation for increased metastatic growth. This project 
proposed the following aims: 1) it is hypothesized that the overproduction of procathepsin D 
results in an increase in the metastatic potential of breast tumor cells. A low metastatic 
human breast cancer cell line will be transfected with human procathepsin D cDNA such that 
the cells will secrete constitutively varying amounts of procathepsin D. The metastatic 
potential of each transfected cell line will be evaluated both in vitro and in vivo in 
relationship to the amount of procathepsin D secretion. 2) Attempts will be made to 
determine the exact site in procathepsin D responsible for breast cancer cell growth factor 
activity. Synthetic peptides representing fragments of APpCD will be prepared. Amino acid 
substitutions in the most active peptide fragment will be used to map the essential amino acid 
contact sites for the receptor. 3) It is hypothesized that inhibition of the APpCD interaction 
with its receptor will result in inhibition of cancer cell growth. Peptide analogs will be 
prepared with D-amino acids to block the growth and malignancy of cancer cells. 

BODY 

TASK1 

Cells of the MDA-MD-231 cell line were transfected with various human 
procathepsin D cDNA and tested for secretion of procathepsin D in vivo. In addition, the 
growth pattern in vivo has been established. Results showed in Figure 1 showed that the 
individual clones differ significantly in secretion of procathepsin D. Figure 2 shows that 



these clones not only secrete pCD into the medium, but can also react to the estradiol 
stimulus by production of pCD and subsequent proliferation. These data also demonstrate 
that the difference in amounts of secreted pCD by these clones closely correspond to their 
proliferation. Similar results have been obtained when the tumor growth has been evaluated 
in vivo (see Figure 4). 

Nine different clones transfected with human pCD cDNA and eight clones transfected 
with pCD cDNA with deleted APpCD have been established and tested. Matrigel assay 
demonstrated that the transfection with pCD with deleted activation peptide did not influence 
the invasiveness of the clone (Figure 4). At the same time, increased secretion of the full 
pCD significantly increased the invasiveness in vitro (Figure 4). Commercial cell invasion 
assay kit was used; the number of cells was evaluated according to manufacturer's 
instruction (Chemicon International). Figure 5 (see Appendices) shows the Western blot of 
the different clones with respect to the pCD secretion. 

Based on these data, we believe that the Task 1 has been successfully achieved. 

TASK 2 

All necessary synthetic peptides and fragments were synthesized. After establishing 
that the fragment 27-44 is the part of the activation peptide responsible for the procathepsin 
D binding to the cancer cells (see Vetvicka et al., Breast Cancer Research and Treatment, 57: 
261-269,1999; Figure 6), we focused our attention on this particular fragment. Subsequent 
studies of a second set of fragments showed that the biological activity can be located into 
the smaller fragment AA 36-44. The breast cancer cells reacted to the addition of AA 36-44 
fragments with the same level of proliferation as to the addition of AA 27-44 fragment 
(Figure 7). When this fragment was used for inhibition of the pCD-FITC binding to the 
cancer cells, this fragment was comparable to the unlabeled pCD. 

Subsequently we prepared all monoclonal antibodies against individual fragments and 
used them in testing of the inhibition of proliferative activity. Figure 8 shows results of such 
experiment in which the stimulation of breast cancer growth by the most active fragment AA 
36-44 was inhibited by anti-AP, anti-AA 27-44 and anti-AA 36-44 antibodies, but not by 
anti-AAl-27 antibodies (1 ug/ml). Control antibody (anti-human CR3 mAb of the same 
isotype) showed no inhibition (data not shown). 

In order to locate the exact binding site of the APpCD to the cancer cell receptor, we 
prepared a library of synthetic peptides with a single amino acid substitution based on the 
results mentioned above. 



Peptides Composition 

1 SQAVPAVTE 
2 XQAVPAVTE 
3 SXAVPAVTE 
4 SQXVPAVTE 
5 SQAXPAVTE 
6 SQAVXAVTE 
7 SQAVPXVTE 
8 SQAVPAXTE 
9 SQAVPAVXE 
10 SQAVPAVTX 

Peptide #1 corresponds to the peptide 36-44 AA of the activation peptide. X represents a 
mixture of W, Y, L, P, D, H, R, N, M, and S. 

In the first set of experiments, these peptides will be tested for inhibition of binding 
of procathepsin D-F1TC to breast cancer cells using flow cytometry. The peptides which 
show binding to the receptor will be used in subsequent tests evaluating their growth factor 
activity. Peptides showing binding activity but not growth factor function will be 
subsequently tested as possible antagonists of procathepsin D as part of Task 3. All peptides 
showing significant binding to the cancer cells will be assessed for binding affinity using 
Scatchard plot analysis. At present, all these peptides have been purchased and the cell 
surface binding experiments are under way. In addition, monoclonal antibodies against these 
peptides are being prepared. As all these experiments are straightforward and all necessary 
peptides are available, we do not anticipate any problems. 

Based on these data, we believe that the Task 2 will be achieved in next few months. 

TASK 3 

Anticipating the positive outcome of the experiments mentioned in Task 2, we 
evaluated the feasibility of the idea of breast cancer growth inhibition using anti-procathepsin 
D antibodies. First we established human tumors by injecting athymic mice with 5xl06 

MDA-MB-231 cells directly into mammary fat pads. After two weeks, the mice were 
checked for tumor development. Mice with palpable breast tumors were then injected 
intravenously with biodegradable microspheres containing 100 ug of antibodies. Mice were 
sacrificed at various time intervals and tumor growth was evaluated by size. Mice treated 
with anti-procathepsin D or anti-fragment 36-44 AA antibodies showed greatly reduced 
tumor growth. A control antibody (anti-HLA) of the same isotype had no effect on tumor 
growth. Figure 9 shows results of these experiments. Five mice per group have been used in 
each interval. 

These results strongly demonstrated the feasibility of the whole hypothesis. We 
expect that the final results from Task 2 will be finished in approximately two months. Based 



on those results, we will prepare the analogs of the most active fragment using D-amino acid 
substitutions. Subsequently, the analogs will be evaluated using the same experimental 
design as in Figure 9. As all these experiments are straightforward and the technique was 
already successfully used, we do not anticipate any problems. 

KEY RESEARCH ACCOMPLISHMENTS 

* Demonstration that the binding site of the procathepsin D activation 
peptide is located in the 36 - 44 AA region 

* Establishment of first cell lines transfected with human procathepsin D 
cDNA 

* Establishment of basic values for invasiveness in vitro and in vivo 

*   Demonstration that invasiveness of breast cancer cells can be blocked by 
inhibition of procathepsin D secretion 

REPORTABLE OUTCOMES 

Abstracts: 

1. Vetvicka,V., Vetvickova, J., Fusek, M.: Anti-procathepsin D activation peptide 
antibodies inhibit human breast cancer development, VHIth International Aspartic 
Proteinase Conference, Funchal, Madeira, 1999, S-4-6 

2. Vetvicka,V., Vetvickova, J., Fusek, M., Voburka, Z.: Blocking of growth factor 
activity of procathepsin D inhibits human cancer, Faseb J., Abstracts, p. A1000, 
2000. 

3. Vetvicka, V., Vetvickova, J., Fusek, M., Voburka, Z.: Inhibition of breast cancer 
by the procathepsin D activation peptide, EACR XVI -2000 Meeting, May 2000, 
Halkidiki, Greece, Abstract page 88. 



Vetvicka, V., Vetvickova, J., Voburka, Z., Fusek, M.: Procathepsin activation 
peptide and its fragments in regulation of cancer growth, oral presentation, 13th 

International Symposium on Regulatory Peptides, Cairns, Australia, October 22-26, 
2000. 
Vetvicka, V., Vetvickova, J., Fusek, M., Voburka, Z.: Procathepsin D activation 
peptide and human cancer, AACR Meeting Molecular Biology and New Therapies in 
the 21st Century, Maui, February 12-16 2001. 
Vetvicka, V., Vetvickova J., Voburka, Z., Fusek, M.: Procathepsin D stimulates 
the growth of human cancer - effect of cytokines. 92th Annual meeting of American 
Association of Cancer Research, New Orleans 2001, p. 878 

PAPERS 

Vetvicka, V., Vetvickova, J., Fusek, M.: Role of procathepsin D activation peptide 
in prostate cancer development. Prostate, 44: 1-7, 2000 

CONCLUSIONS 

Based on results mentioned above, we have all reasons to believe that this project will be 
finished in successful and timely manner. Aims summarized in Task 1 have been 
successfully achieved. Only few experiments remain to be finish in Task 2, and we expect to 
finish these experiments during next few months. For aims of the Task 3, we already 
established both the feasibility of the project and the technique of the evaluation of the pCD 
inhibition in vivo. As all these experiments are straightforward and the technique was already 
successfully used, we do not anticipate any problems and we are convinced that the project 
will be finished in time. 

To summarize, all obtained data support the original hypothesis that procathepsin D 
significantly stimulates the growth and spreading of breast cancer cells. If this hypothesis is 
further confirmed by this research project, this project has very significant potential to be 
developed into preclinical trials leading toward a new, very specific treatment of human 
breast cancer. In addition, recent observations by our and other groups suggest that the role of 
procathepsin D in human cancer development is probably even more general than was 
originally believed. In such a case, this project might be even more important and might 
provide treatment to several types of cancer. 
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Legend to the Figures 

Figure 1 

Comparison of the procathepsin D secretion in tissue culture supernatants of six cell 
clones transfected with cathepsin D cDNA. Total nine different clones have been 
established from parental cell line MDA-MB-231. Using an ELISA assay employing 
anti-procathepsin D antibodies, we compared the levels of procathepsin D secreted into 
tissue culture supernatants of transfected and parental cells. 

Figure 2 

Proliferation of individual clones in serum-free medium containing estradiol. Clones 
correspond to the clones used in Figure 1. Growth in presence of FCS represent 100%. 

Figure 3 

In vivo growth of individual clones (see Figure 1) in athymic nude mice. Human tumors 
were generated by injecting athymic mice with 5xl06 cells directly into mammary fat 
pads. Mice were sacrificed at various time intervals and tumor size was evaluated by 
weight. 

Figure 4 

In vitro invasion of transfected cells using a Matrigel membrane. Cells from serum-free 
cultures were tested for their ability to transmigrate a Matrigel membrane toward a 1 % 
serum stimulus. In addition to a parental control (MDA-MB-231 cells), the transfected 
clones with the highest production of pCD (clone AP) and pCD with deleted APpCD 
(clone -44) were used. Commercial cell invasion assay kit was used, the number of cells 
was evaluated according to manufacturer's instruction (Chemicon International). 

Figure 5 

Western blot of tissue culture media from individual clones of MDA-MB-231 cell line 
transfected with pCD cDNA. 5x concentrated samples and 12% gel were used, 
commercial anti-pCD mAb was used for detection. Samples from left to right: parental 
cell line, Clone 1, Clone 2, Clone 4, Clone 5, Clone 6, and Standards. 

Figure 6 



The effect of various synthetic fragments of the activation peptide on proliferation of the 
breast cancer cell line MDA-MB-231 growth in serum-free conditions. 

Figure 7 

Subsequent evaluation of a second set of fragments showed that the biological activity 
can be traced into the fragment AA 36-44. The conditions were identical to those 
described in Figure 6. Procathepsin D was used as a positive control. 

Figure 8 

Stimulation of breast cancer growth by the most active fragment AA 36-44 and its 
inhibition by various anti-fragment monoclonal antibody ( 1 ug/ml). 

Figure 9 

Inhibition of breast cancer growth in athymic nude mice by treatment with anti- 
procathepsin D or anti-activation peptide fragment antibodies. A control antibody (anti- 
HLA) of the same isotype had no effect on tumor growth. Human tumors were generated 
by injecting athymic mice with 5xl06 MDA-MB-231 cells directly into mammary fat 
pads. After two weeks, the mice were checked for tumor development. Mice with 
palpable breast tumors were then injected intravenously with biodegradable microspheres 
containing 100 ug of antibodies. Mice were sacrificed at various time intervals and tumor 
growth was evaluated by size. Mice treated with anti-procathepsin D or anti-fragment 36- 
44 AA antibodies showed greatly reduced tumor growth. 
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^^    Differential Secretion of Cytokines and Several Proteases in Pgp- 
UWpressing MDR and Sensitive MCF-7 Cells. Laurent Mougel, Richard Le 

iäour, Moncef Guenounou, and Jean Claude Jardillier. Universite de Reims, 
Reims, France. 
' Multidrug resistance (MDR) is a major problem occurring during cancer treat- 

ment. One of the major reasons for MDR is the overexpression of mdrl gene 
encoding a P-170 membrane glycoprotein (Pgp) which acts as an efflux pump for 
the drugs. On an other hand, the potential of the cancer cells to be sensitive or not 
to the action of immunocompetent cells depends on their secretion of cytokines 
and/or the activation of cytokines by proteases. We present here the first exper- 
imental data on comparative quantitative analysis of secretion of several cyto- 
kines and of different proteases within MCF-7 breast cancer MDR and their 
corresponding sensitive cells cultured in 3D-spheroids. The levels of expression 
of the cytokines IL-1« and ß, IL-4, IL-6, IL-8, IL-10, IL-12, TNF-a, MCP-I, and 
MlP-la, potentially involved in the immunosentitivity of cells, have been quanti- 
fied. We have found that the MDR cells express IL-1«, IL-6, MCP-I, MlP-la and 
IL-8 cytokins, whereas only MCP-l, MlP-la, and IL-8 cytokins were found to be 
detectable in the corresponding sensitive cells. The MDR cells exhibit much 
higher level of activity of the collagenase IV, cathepsin D and elastase, compared 
with the sensitive cells. We have further tested the effect of anti-Pgp specific 
antibodies (mAbs), able to block the Pgp-mediated drug efflux from the cancer 
cells, on the cytokines secretion profiles and proteases levels of activities. No any 
effects of mAbs have been detected in these experiments. In the aggregate, our 
results show different immunoreactive capacity of the Pgp-overexpressing MDR 
cells compared to the sensitive ones and the absence of correlation between the 
Pgp drug efflux activity and the MDR secretion profile of MCF-7 cancer cells. 

#4710 Procathepsin D Stimulates the Growth of Human Cancer—Effect 
of Cytokines. Vaclav Vetvicka, Jana Vetvickova, Zdenek Voburka, and Martin 
Fusek. Institute of Organic Chemistry and Biochemistry, Prague, Czech Republic, 
and University of Louisville, Louisville, KY.   - A .:•. : ■; ■ 

Oversecretion of enzymatically inactive 52 kDa procathepsin D (pCD) from 
human cancer cells is well documented and procathepsin D levels are considered 
to be a prognostic factor. Our previous findings demonstrated that procathepsin 
D serves as an autocrine mitogen. Furthermore we found that the mitogenic 
activity of procathepsin D is mediated by a receptor different from the currently 
suggested M6P-R as this reaction was not inhibited by anti-M6P-R or soluble 
M6P-R. The influence of procathepsin D on tumor cell growth was demonstrated 
both in vitro using breast and prostate cancer cell lines and in vivo on human 
breast and prostate tumors in athymic nude mice. Furthermore, these effects 
seem to be mediated by a structure within the activation peptide of procathepsin 
D. Based on our experiments, the growth factor activity of procathepsin D can be 
localized in position 27-44 (and possibly 36-44) of the activation peptide and 
involves interaction with a new cell surface receptor different from all known M6P 
receptors. Using monoclonal antibodies raised against individual fragments of the 
activation peptide we demonstrated strong inhibition of both estradiol- and 
activation peptide-derived stimulation of breast cancer cell proliferation. In addi- 
tion, using an in vivo model of human breast cancer, we showed that injection of 
tumor-bearing mice with biodegradable microspheres containing anti-fragment or 
anti-activation peptide antibodies inhibited the growth of breast cancer. In addi- 
tion, IL-4, IL-10 and IL-13 stimulated secretion of procathepsin D in dose depen- 
dent manner, addition of anti-procathepsin D antibodies inhibited the interleukin- 
stimulated cell proliferation. Based on presented experiments, we propose that 
the interaction of procathepsin D activation peptide with a new surface receptor 
is mediated by a sequence 36-44 plus close vicinity and leads in certain types of 
tumors to a potentiated growth and higher motility. The activation peptide is a 
new potential target for suppression of growth and spreading of several types of 
tumors including breast tumors. Blocking of the autocrine growth factor activity of 
activation peptide by peptide analogs might specifically inhibit cancer develop- 
ment. Supported in parts by the U.S. Army Breast Cancer Program grant, Amer- 
ican Cancer Society grant and Phi Beta Psi Sorority grant. '/ 

#4711 Cytokine Combinations Enhance the Cytotoxic Ability of Human 
Umbilical Cord Blood Cells Against Breast Cancer Cells. Shantaram S. Joshi, 
Todd Lovgren, Peng Wang, Cody Evans, and Charles A. Kuszynski. University of 
Nebraska Medical Center, Omaha, NE. 

We have previously demonstrated that lnterleukin-2 (IL-2) activated mononu- 
clear cells (MNC) from umbilical cord blood (UCBC) have significant (p<0.001) 
cytotoxicity against human leukemic and breast cancer cells in vitro and in vivo 
compared to MNC from blood stem cell apheresis harvest. In order to further 
improve the antitumor cytotoxic ability of UCBC, IL-2 was combined with GM- 
CSF, G-CSF or M-CSF in vitro for 72 hours. The cytotoxicity of these activated 
cells were then tested against MDA-231. human breast cancer cells. Immuno- 
phentovpes of activated cells were determined by flow cytometry and specific 

compared to IL-2 or each cytokines alone. This increase 
be due to: 1) increases in CD56 positive cytotoxic cells; 2 
accessory cell populations such as CD86+ dendritic ce 
helper cytokine INF-r gene expression; 4) increases in p 
Thus, our results suggest the combination of IL-2 \A 
activate cord blood MNC to increase cytotoxicity again 
cells better than IL-2 alone. (This was supported by the 
Cancer Foundation). 

#4712 The Use of a Chip-Based Protein Array for t 
Associated Cytokines. Pamela E. Bechtel, Leslie Hens 
yer. Motorola BioChip System, Tempe, AZ. 

The development of malignancy is characterized by r 
alterations with in the cell. These alterations result in 
escape normal cell cycle checkpoints and confer a grow 
One of the biggest obstacles in the fight against cane 
•malignant cells at an early stage and to determine whic 
potential for metastasis. Changes in the levels of pro-i 
genie cytokines have been associated with the ability of 
and metastasize. We are developing a novel protein ar 
quantify levels of cancer associated cytokines in cells 
different cytokines (VEGF, IL .13, TNFa, Leptin, Once 
Thrombopoiten (TPO), IL.2, IL 6 and IL 12) were dispe 
Linkä three dimensional coated slides. Sandwich-type ii 
performed using purified antigens and biotintylated ant 
was detected by a streptavidin-alexaTM conjugate, scar 
532 nm. The cytokines were first examined individually to 
of our assay. The results indicate that VEGF, IL 13, TGFL 
IL 12 can be detected at nanomolar concentrations anr 
and OSM can be detected at picomolar concentrations, 
examined for specificity. Antibodies against each cytol 
each array, and assays were performed using a mixture 
tylated antibodies. The results indicate TNFalpha, Leptin 
6 and IL 12. There was a low that there is no cross rea 
level of cross reactivity observed with OSM. Our resul 
protein array technology has the capability to detect cane 
This technology has the potential to be incorporated it 
which will not only detect the onset of cancer, but will ft 
ization for patient prognosis. By providing rapid, low-voli 
bioarrays should become invaluable in disease detectic 
monitoring of patient treatment.      ;. ■   uv '.; 

#4713 Beneficial Effect of Oral Treatment with F 
Patients with Myelofibrosis. Lucia Desser, Adriena S; 
and Irene Herbacek. Institute of Cancer Research, Univ 
Austria, Institute of Hematology - University of Bratislava 
public, and Institute of Hematology, University of Brati 
Republic.  ■■■ • -.•'■•■ .■■:>•>- ":.:.;:o;\':>-. :>:■.■;>:..' ^r^r?1 

-Myelofibrosis (MF) is characterised by an increased df 
matrix proteins (ECM) in the bone marrow stroma as a 
myeloid disorders. Overproduction of growth factors like 
factor and Transforming growth factor-ß (TGF-ß) are i 
induce the production of ECM in bone marrow (BM) stn 
enhanced fibroblast proliferation as seen In BM fibrosis. 1 
the organisms by endocytosis, when bound to activated 
Endogenous proteases, but also .exogenous supplied pre 
Chymotrypsin, Bromelain and Papain arecapable of act 
TGF-/31 irreversibly. Subsequently the a2M +■ protease 
be quickly removed via endocytosis. According to in vitr 
lytic enzymes have a TGF-/3 scavenging capacity, as foi 
cells and tumor associated macrophages, both at mRf 
animal models with induced nephrosclerosis or,glomert 
with proteolytic enzymes reduces mRNA for TGF-ß in tu 
TGF-ß in urine. We investigated the effect of therapy w 
(daily 2x3 tablets) in patients with MF (primary ,MF n=3 
This therapy improved clinical outcome (1/13 remission; 
progression) over a period up to 6 years. These results ; 
histopathological examination of the bone marrow. In 7 
TGF-ß concentration in serum over a period of 1 to 2 ye 
significant (p<0,001) TGF-ß elevation in patients with M 
In 6/7 patients a reduction of TGF-ß concentration to cor 
Our results demonstrate the potential benefit of a thei 
enzymes in the inhibition of fibrosis and immunosuppre^ 
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ANTI-TUMOR THERAPEUTIC STRATEGIES (53.1-53.6) 

53.1 

BLOCKING OF GROWTH FACTOR ACTIVITY OF 
PROCATHEPSIN D INHIBITS HUMAN CANCER 
fvv^t,  M Vetvirkova, »M.Fusek. »Z.Voburka. 'University of Louisville, Dept. 
SSSLÄ^i^nS^In«. Organic Chem. and Biochen,., Prague, 

CotrsecrPeUon of 52 kDa procathepsin D (pCD) from human cancer cells of^ous 
oririn is well established. Our previous findings demonstrated that pCD serves as 
anTutocrte „Sgen for breas? cancer cells -a interaction with a -w -epto- 
The influence of pCD on tumor cell growth was demonstrated both m vxtro using 
breJt and prostate cancer cell lines and in «t» on human breast and prostate 
SsTn mice Furthermore, these effects seem to be mediated by a structure 
within the activation peptide (AP) of pCD. Based on our «P«»». *• «JA 
factor activity of pCD can be localized in position 36-44 of the AP. Us ngmADS 
Ssed aSnst individual fragments of the AP we demonstrated strong inhibition 
ofat A?KS?stimu.ati0rof cancer cell proliferation .»«««*«>£*[>* 
in vivo model of human breast and prostate cancer, we showed that injecUon of 
umor-bearing mice with biodegradable microspheres containingI "£%%;*£ 

anti-AP antibodies inhibited the growth of cancer. Using a library of ****% 
Deptides, we analvzed the interaction of AP with its receptor Based °n presented 
Sriments, we propose that the interaction of pCD activation pept.de with an 
uXnöwn surface receptor is mediated by a sequence 36-44 ff*~™ff «J 
leads in certain types of tumors to a potentiated growth and higher motility. I he 
AP s a new potential target for suppression of growth of sever*types oftumors 
Including breast and prostate tumors. This research was supported by a grant from 
the U.S. Army Breast Cancer Program. 

53.2 

A Natural Killer Cell-dependent Antitumor Re 
Anti-idiotype-interleukin 2 Fusion Protein 
1P.Y. Wu. 1, 2S.J. Liu. 1C.N. Lee, and. IM'-Hua Tao. 
Sciences, Academia Sinica, Taipei 115, Taiwan 2Gradu 
Sciences, National Defense Medical Center, Taipei 106. 

Combination of IL-2 with an anti-Id Ab was shown to 
tic effect to treat B-cell lymphoma. To further improvt 
therapy, a monoclonal anti-Id Ab, S5A8, specifically r 
lymphoma 38C13, was genetically modified to contain 
utilize the unique targeting ability of Abs to direct IL-2 
Id-IL-2 fusion protein contains mouse-human chimeric 
attached to the carboxy-terminal end of each heavy - 
anti-Id-IL-2 fusion protein retained the IL-2 biological 
tentiate tumor cell lysis in vitro. In vivo studies shower 
protein was very proficient in inhibiting 38C13 tumor g 
a combined therapy with anti-Id Ab and IL-2. The effc 
the treatment effect of anti-Id-IL-2 were delineated by v. 
vivo-depleted immunocompetent mice. We found that 
tein was completely effective in the T- and B-cell-deficic 
NK-cell-deficient C3H/beige mice. In vivo-depleted ex 
depletion of NK cells but not T cells abrogated the ther 
IL-2 fusion protein. These results demonstrate that th 
represents a potent reagent for treatment of B-cell ly 
activity is largely dependent on NK cells. 

53.3 

CHARACTERIZATION OF CELL LINES DERIVED FROM A 
MURINE T CELL LEUKEMIA 
S E Haio* G. F.mst. E. Caldas Lopes. P. Aiilirino. [If. ficqlnjk and E, AlV^Wi- 
facultad de r^ac7ay»loqu.mua.lüElIU. UBA-CONICET. Buenos A.rcs. 

Various cell lines from a marine T coll leukemia were established. LBL was ob- 
tained bv culture in RPMI-C medium. After 80 in vitro PJMMW» two ■uWinM 
originated, »me growing IM packed clusters of floating cells (LBLc), the other com- 
prised of adherent monolavers (LBLa). LBL-V and LBL-D are cell lines resistant 
to Vincristinc (VCR) or Doxorubicinc (DOX) selected in increasing concentrations 
(5-100 ng/ml) of the drugs. LBR- is the control cell lino obtained in the abscence 
of «nip. similar to LBL. Pl.euotypic characterization carried out by flow r.ytmnctry 
showed that all cell lines maintained the pattern of parental leutemicrails although 
some of them down-regulatcd expression of,adhesion molecules. C oil>>"« "P""™ 
CD24+ CD25+. CD8+, CD4'» and CD44"' CD18"' (LBL, LBLa. LBR-). CD44 
CD18'° (LBR-V). CD-M'-CDIS" (LBLc.LBR-D). CsA (lug/ml) induced apoptMU 
(evaluated bv DNA fragmentation and cell staining) in all cell lines while rhoOG 
(lOiiE/uin failed. CsA and l'SC833 produced reversal of drug resistance in LBR-V 
and LDH-D lines. Both these agents an well as Verapamil blocked Daunorubicm 
efflux from resistant cells and improved cell kill as they were combined with VCR 
or DOX. We conclude that down regulation of CD44 and CD 18 could bo involvedi in 
the dclav of tumor crowth ami invasive capacity previously demonstrated for LDLc, 
LBR-V and LBR-D «ell lines. Besides. CsA and PSC833 could be used to im- 
prove therapeutic approaches in this experimental model. Financial Support: UUA. 
C'ONICET. Koemmcrs Foundation. Drugs were provided by Gador and Novartis. 

53.4 
Induction of Immunity against Tumor Antigen.- 
of MUC1 cDNA 
Krilrhi k'ontani. fiatftru Sawaj, Minako Fujita, JjinJJa 
Shozo Fujino. Second Department of Surgery, Shiga t 
Otsu, Japan 

DNA vaccines have been reported to be beneficial for i 
tumor antigen expression and for eliciting a strong anti 
this study, we attempted to induce anti-MUCl immun 
DNA encoding MUC1 mucin. This glycoprotcin is high 
cancer cells and can bo recognized by cytotoxic T lymj 
murincs. BALB/c mice were vaccinated with cxprcssi« 
cDNA. InSof the 11 mice vaccinated with MUC1 cDNA 
to MUC1 core peptides by ELISA. In contrast, all of t 
control vector did not acquire anti-MUCl humoral it 
is useful for the development of a DNA vaccine tarv 
iinmunothcrapy. ■' 
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Molecular Biology and New Therapeutic Strategies: Cancer Research in the 21th Century 

PROCATHEPSIN D ACTIVATION PEPTIDE AND HUMAN CANCER 
Vaclav Vetvicka1. Jana Vetvickova1, Martin Fusek2, Zdenek Voburka2 

'University of Louisville, Department of Pathology, Louisville, KY 40292 and institute of Organic 
Chemistry and Biochemistry, Academy of Sciences, Prague, Czech Republic 

Oversecretion of procathepsin D from human cancer cells is well established. Our previous findings 
demonstrated that procathepsin D serves as an autocrine mitogen for breast and prostate cancer cells. 
Furthermore, we showed that the mitogenic activity of procathepsin D is mediated by a novel 
receptor different from the currently suggested mannose-6-phosphate receptor (M6P-R). The effects 
of procathepsin D on breast and prostate tumor cell growth was demonstrated both in vitro using cell 
cultures and in vivo using athymic nude mice. Additional experiments showed that the activation 
peptide is the molecule responsible for growth factor activity of procathepsin D. In next set of 
experiments we used monoclonal antibodies raised against individual fragments of activation peptide 
and tried to localize the amino acid sequence of the activation peptide responsible for its biological 
activities. Based on our experiments, the growth factor activity of procathepsin D can be localized 
in position 36-44 of the activation peptide and involves interaction with a new cell surface receptor 
different from all known M6P receptors. Using a library of synthetic peptides, we analyzed the 
interaction of activation peptide with its receptor. Based on these results, a precise localization of 
the binding site is proposed. In additional set of experiments we studied the question of the influence 
of several cytokines on growth of breast cancer cells. IL-4, JL-10 and IL-13 are known to stimulate 
secretion of procathepsin D in various cell types. All three cytokines stimulated breast cancer growth 
in a dose-dependent manner. Using specific anti-cytokine receptor antibodies or anti-activation factor 
antibodies, we demonstrated strong inhibition of an cytokine-derived stimulation of cancer cell 
proliferation. The activation peptide is a new highly promising target for suppression of growth and 
spreading of several types of tumors including breast tumors. 
Supported by the U.S. Army Breast Cancer Program Grant and by the American Cancer Society 
Grant. 
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INHIBITION OF BREAST CANCER BY THE PROCATHEPSIN D ACTIVATION PEPTIDE 
V. Vetvicka1. J. Vetvickova1, M. Fusek2, Z. Voburka2 

1 University of Louisville, Department of Pathology, Louisville, KY 40292, USA and zlnstitute of 
Organic Chemistry and Biochemistry, Academy of Sciences, Prague, Czech Republic 

Our previous findings demonstrated that of 52 kDa procathepsin D (pCD) serves as an autocrine 
mitogen for breast cancer cells. Furthermore we found that the mitogenic activity of pCD is 
mediated by a receptor different from the currently suggested M6P-R. The influence of pCD on 
tumor cell growth was demonstrated in vitro using breast and prostate cancer cell lines. 
Furthermore, these effects seem to be mediated by a structure within the activation peptide of 
pCD. Based on our experiments, the growth factor activity of pCD can be localized in position 27- 
44 (and possibly 36-44) of the activation peptide. Using monoclonal antibodies raised against 
individual fragments of the activation peptide we demonstrated strong inhibition of an activation 
peptide-derived stimulation of cancer cell proliferation. In addition, using an in vivo model of human 
breast and prostate cancer, we showed that injection of tumor-bearing mice with biodegradable 
microspheres containing anti-fragment or anti-activation peptide antibodies inhibited the growth of 
cancer. The antibody-mediated protection from an induced cancer was almost complete for the 
whole tested interval. Using a library of synthetic peptides, we analyzed the interaction of activation 
peptide with its receptor. Based on presented experiments, we propose that the interaction of pCD 
activation peptide with an unknown surface receptor is mediated by a sequence 36-44 plus close 
vicinity and leads in certain types of tumors to a potentiated growth and higher motility. The 
activation peptide is a new potential target for suppression of growth of tumors. 
Supported by the U.S. Army Breast Cancer Program grant. 

WS27 

PREVENTION OF SPONTANEOUS MAMMARY CARCINOMA BY VACCINATION WITH 
MYCOBACTERIUM TUBERCULOSIS Ag38 GENE-TRANSDUCED TUMOR CELLS AND IL-12 
L Sfondrini, M. Rodolfo, M. Singh, M. I. Colnaghi, S. Menard and A. Balsari 
Molecular Targeting Unit [L.S., M.I.C., S.M.], Melanoma Genetic Unit [M.R.], Department of 
Experimental Oncology, Istituto Nazionale Tumori, Milan, Italy; GBF-National Research Center for 
Biotechnology, Braunschweig, Germany [M.S.]; Institute of Pathology, University of Milan, Italy 
[A.B.]; 

An approach to stimulating an immune response against tumors is to transduce tumor cells with 
bacterial genes, which represent a "danger signal" and can induce a wide immune response. 
Mycobacterium tuberculosis genes and their encoded proteins play a pivotal role in linking innate 
and cell-mediated adaptive immunity and represent ideal candidates as immune adjuvants for 
tumor vaccines. The efficacy of a cancer vaccine, obtained by transduction of a mammary tumor 
cell line with the M. tuberculosis Ag38 gene, was investigated in female mice transgenically 
expressing the rat HER-2/neu protooncogene. These mice spontaneously develop stochastic 
mammary tumors after a long latency period. The onset of spontaneous mammary tumors was 
significantly delayed in mice vaccinated with Ag38-transduced cells, but not in mice vaccinated 
with non-transduced ceils as compared with untreated mice. Protection from spontaneous tumor 
development was increased when mice were vaccinated with the mycobacterium-gene-transduced 
vaccine plus a systemic administration of IL-12 at a low dose. Mice vaccinated with non- 
transduced cells plus IL-12 developed tumors, with only a slight delay in tumor appearance as 
compared with the control group. Lymphocytes obtained from lymph nodes of mice vaccinated with 
transduced cells secreted high levels of IFN-y. CD3+ CD8+ spleen cells derived from these mice 
responded to the tumor with IFN-y production. 
These data indicate the efficacy of a short-term protocol of vaccinations exploiting the adjuvant 
potency of a M.tuberculosis gene and low doses of IL-12 in a model of stochastic development of 
mammary tumors. This adjuvant approach may represent a promising immunotherapeutic strategy 
for cancer immunization. 

xx 
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ANTI-PROCATHEPSIN D ACTIVATION PEPTIDE 
ANTIBODIES INHIBIT HUMAN BREAST CANCER 

DEVELOPMENT 

Vaclav Vetvicka'. Jana Vetvickova1, Martin Fusek2 

1
 University of Louisville, Department of Pathology, Louisville, KY 40292, USA 

2 Institute of Organic Chemistry and Biochemistry, Academy of Sciences, Prague, Czech Republic 

Oversecretion of enzymatically inactive 52 kDa procathepsin D (pCD) from human 
breast cancer cells is well documented and procathepsin D levels are considered to be 
a prognostic factor. Our previous findings demonstrated that procathepsin D serves 
as an autocrine mitogen. Furthermore we found that the mitogenic activity of 
procathepsin D is mediated by a receptor different from the currently suggested 
M6P-R Using flow cytometry analysis we found that no previously known surface 
antigens or soluble M6P-R or anti-M6P-R antibodies were able to inhibit the specific 
binding of pCD-FITC. Similarly, none of these substances inhibited growth factor 
activity of pCD. The influence of procathepsin D on tumor cell growth was 
demonstrated both in vitro using breast cancer cell lines and in vivo on human breast 
tumors in athymic nude mice. Furthermore, these effects seem to be mediated by a 
structure within the activation peptide of procathepsin D. Based on our experiments 
the growth factor activity of procathepsin D can be localized in position 27-44 (and 
possibly 36-44) of the activation peptide and involves interaction with a new eel 
surface receptor different from all known M6P receptors. Using monoclonal 
antibodies  raised  against  individual  fragments  of the  activation  peptide  we 
demonstrated strong inhibition of both estradiol- and activation peptide-denyed 
stimulation of breast cancer cell proliferation. In addition, using an in vivo model of 
human breast cancer, we showed that injection of tumor-bearing mice with 
biodegradable microspheres containing anti-fragment or anti-activation peptide, 
antibodies inhibited the growth of breast cancer. The antibody-mediated protection 
from an induced breast cancer was almost complete for the whole tested interval ot 8 
W66KS 
Based'on presented experiments, we propose that the interaction of procathepsin D 
activation peptide with an unknown surface receptor is mediated by a sequence 36- 
44 plus close vicinity and leads in certain types of tumors to a potentiated growth and 
higher motility. The activation peptide is a new potential target for suppression ot 
growth and spreading of several types of tumors including breast tumors. Blocking of 
the autocrine growth factor activity of activation peptide by peptide analogs might 
specifically inhibit breast cancer development 

i 

I 



w 

A _—W.«;»^,«***^*-«*^ | 

SlfiS^B^^f^ 
li3?Sg£S 

B* ^»^y.Vict.^; I 

'i*m$. 

rm 

';■'SOS'S- 

ifte 

|||g*iS 
■>■ 

$ia 

^ 

Pi ^^^. 

FINAl*PROGRAM 



THURSDAY 26 OCTOBER 

8:30am-10:00am Plenary Symposium 

Chairs:      Jens Hoist and Margaret Morn's 

Thursday, 26 October, 2000 

Hall A 

8:30 

9:00 

9:30 

Neuroendocrine Control of Obesity 
Roger Cone 

CART peptides in feeding, reward and reinforcement 
Mike Kuhar 

Role and significance of orexin in feeding 
Hiroshi Yamashita 

10:00am-10:30am Morning Tea 

10:30am-12:30pm Concurrent Sessions 

Oral 11    Cancer and Clinical Hall A 

Chairs:     Juanita Merchant and John Hickman 

10:30 Expression of peptide receptors by tumours: implications for diagnosis and 
therapy 
Jean Claude Reubi 

11:05        #0026        Procathepsin D activation peptide and its fragments in regulation of cancer 
growth 
Vetvicka, Vaclav; Vetvickova, Jana; Voburka, Zdenek; Fusek, Martin 

11:20        #0049        Tumor targeting with DOTA-somatostatin analogs: superiority of Ga-labeled 
peptides •     -' 
Froidevaux, Sylvie; Christe,  Martine;  Sumanovski,  Lazar; Heppeler, Axel; 
Maecke, Helmuth R; Beglinger, Christoph; Eberle, Alex N 

11:35        #0093        The somatostatin analogue PTR-3173, a backbone cyclic peptide with effect on 
growth hormone but not insulin secretion 
Janson, Eva T; Afargan, Michel; Gelerman, Garry; Rosenfeld, Rakefet ; Ziv, 
Offer, Karpov, Olga; Bracha, Moshe; Öberg, Kjell 

11:50        #0072        Processing-independent quantitation of human chromogranin A in plasma: a 
promising tool for early diagnosis of carcinoid tumors, other neuroendocrine 
tumors and SCLC 
Borglum Jensen, Tine D; Hilsted, Linda; Rehfeld, Jens 

12:05        #0116        KGF induction in vitamin D treated cancer cells 
Lyakhovich, Alex;   Arksenov, Nickolai; Pennanen, Pasi; Manninen, Tommi; 
Syvälä, Heimo; Ahonen, Merja H; Ylikomi, Timo; Tuohimaa, Pentti 

12:20 General discussion 



The Prostate 44:1-7 (2000) 

Role of Procathepsin D Activation Peptide in 
Prostate Cancer Growth 

Vaclav Vetvicka,1* Jana Vetvickova,1 and Martin Fusek2 

'Department of Pathology, School of Medicine, University of Louisville, Louisville, Kentucky 
2lnstitute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech 

Republic, Prague, Czech Republic 

BACKGROUND. Enzymatically inactive procathepsin D secreted from cancer cells has been 
confirmed to play a role in breast cancer development. We focused on prostate cancer and the 
role of activation peptide in mitogenic activity. 
METHODS. Synthetic peptides and monoclonal antibodies raised against individual frag- 
ments of activation peptide were employed. Cell proliferation was measured by MTT (3-[4,5- 
dimethylthiatol-2-yl]-2,5-diphenyl tetrazolium bromide) assay or by in vivo growth in nude 
mice. 
RESULTS. We demonstrated that the growth factor activity of activation peptide is localized 
in amino-acid region 27-44. In addition, both anti-activation peptide and anti-27-44 peptide 
antibodies administered in vivo inhibited the growth of human prostate tumors in mice. 
CONCLUSIONS. Based on these data, we hypothesize that the interaction of procathepsin D 
activation peptide with an unknown receptor is mediated by amino-acid sequence 27-44. This 
interaction leads in certain types of tumor to a proliferation and higher motility. Blocking of 
this interaction by antibodies or antagonists might be a valuable tool in prostate cancer 
inhibition. Prostate 44:1-7, 2000.     © 2000 Wiley-Liss, Inc. 

KEY WORDS:       procathepsin; prostate cancer; proliferation; growth factors; activation 
peptide 

INTRODUCTION 

Cathepsin D (CD) and its enzymatically inactive 
zymogen procathepsin D (pCD) were originally estab- 
lished as prognostic markers in breast cancer [1]. In 
the last decade, increasing amounts of data have docu- 
mented the direct involvement of CD and pCD in the 
growth of numerous types of cancer, including breast 
cancer [2^], colorectal cancer [5], endometrial adeno- 
carcinoma [6], ovarian cancer [7], hepatoma [8], and 
prostate cancer [9,10], suggesting that this system 
might be involved in general mechanisms of meta- 
static growth. 

Our work on procathepsin D in human cancer 
originally showed that this enzymatically inactive pre- 
cursor acts as an autocrine growth factor specific for 
breast cancer-derived cells [3,4]. Subsequent experi- 
ments demonstrated that the growth of breast cancer 
cells in vivo could be inhibited by anti-pCD antibodies 
[11]. The growth factor function of pCD was found to 
be mediated through a specific receptor expressed on 

all eight human breast cancer cell lines examined. This 
receptor was found to be distinct from the well-known 
mannose-6-phosphate receptor, which has been 
shown to function as the CD receptor on most other 
systems. The parts of the procathepsin D molecule 
responsible for its mitogenic activity were localized 
near amino acids 27-44 of the activation peptide 
(APpCD) sequence [11]. In all our experiments, the 
mature enzyme CD had no role in metastasis. 

Based on the currently suggested possible general 
role of pCD in cancer development, the last few years 
witnessed numerous studies searching for the in- 
volvement of CD and pCD in prostate cancer. At pres- 
ent, the role of pCD/CD in prostate cancer is unclear. 

Grant sponsor: Phi Beta Psi Sorority; Grant sponsor: University of 
Louisville. 
'Correspondence to: Dr. Vaclav Vetvicka, Department of Pathology, 
University of Louisville School of Medicine, 511 S. Floyd, Rm. 224, 
Louisville, KY 40292. E-mail: Vasek@louisville.edu 
Received 12 May 1999; Accepted 16 February 2000 

© 2000 Wiley-Liss, Inc. 
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Some studies found that the levels of CD correlate 
with the pathologic state, and some suggested that CD 
is a useful marker of prostate cancer progression [9]. 
Experiments using procathepsin D or its activation 
peptide showed that proliferation of all three human 
prostate cancer-derived cell lines was potentiated by 
the addition of either pCD or APpCD to the cultiva- 
tion medium. In addition, prostate cancer cells were 
found to respond by proliferation to a number of para- 
crine factors including bombesin, somatostatin, or va- 
soactive intestinal peptide [12]. 

Even estrogen receptor-negative breast cancer cell 
lines are responsive to pCD [4], and probably there is 
no correlation with estrogen receptor status [13]. Re- 
cent papers showing the possible involvement of sur- 
rounding noncancerogenous cells in the secretion of 
pCD seem to suggest that in vivo, the presence of even 
a small population of pCD-secreting cells might have 
a dramatic effect on the proliferation of cells in sur- 
rounding tissues [14]. 

Based on the these data, we decided to evaluate the 
hypothesis that a small 27-44 amino-acid fragment of 
the APpCD can serve as a growth factor for human 
prostate cancer cells, and that the anti-AP antibodies 
can inhibit the growth of prostate cancer in vivo. In 
conclusion, we propose that pCD via its activation 
peptide regulates the growth of prostate cancer by 
stimulation of cell proliferation, probably through 
specific interaction with a new, as yet unspecified re- 
ceptor. Blocking of this interaction of pCD with its 
corresponding receptor might inhibit the development 
of prostate cancer. In addition, rapid screening for the 
receptor involved in pCD binding or for anti-AP an- 
tibodies in the blood of prostate cancer patients might 
be a future prognostic factor. 

MATERIALS AND METHODS 

Chemicals 

RPMI 1640 medium, Iscove's modified Dulbecco's 
medium, HEPES, (N-[2-Hydroxyethyl]piperazine- 
N'-[2-ethanesulfuric acid], MTT, E-TOXATE human 
cathepsin D, transferrin, glutaraldehyde, chondroitin 
sulfate, and porcine gelatin were obtained from Sigma 
Chemical Co. (St. Louis, MO); fetal calf serum was 
from Hyclone Laboratories (Logan, UT); pepstatin A 
and Protein A Sepharose were from Pharmacia (Phar- 
macia LKB Biotechnology, Piscataway, NJ), and pig 
pepsinogen A was from Worthington (Freehold, NJ). 

Activation Peptide 

The 44-amino-acid-long peptide corresponding to 
the activation peptide of pCD, the 28-amino-acid-long 
peptide (1-27 AA), and the 18-amino-acid-long pep- 

tide (27^4 AA) corresponding to the fragment of AP 
were synthesized at the Institute of Organic Chemistry 
and Biochemistry (Academy of Sciences of the Czech 
Republic, Prague, Czech Republic). The purity of the 
activation peptide and its fragment was controlled us- 
ing following methods: HPLC (High Pressure Liquid 
Chromatography) amino-acid analysis, and mass 
spectrometry. The HPLC method showed the purity to 
be more than 95%. The amino-acid analysis confirmed 
the amino-acid composition. Mass spectrometry re- 
sults were in accordance with the proposed molecular 
structure. In addition to the techniques mentioned 
above, the purity of peptides was controlled also by 
N-terminal sequencing, using an automated system 
where the first nine N-terminal amino acids were in 
agreement with the designed structure. 

Cell Cultivation 

For growth experiments, cells were first incubated 
for 2 days in 0.1% FCS. The cells were harvested by 
centrifugation and washed six times in Iscove's modi- 
fied Dulbecco's medium with HEPES buffer supple- 
mented with glutamine, antibiotics, and 10 n-g/ml of 
human transferrin [4]. Cells were seeded in 96-well 
tissue culture plates at a density of 5 x 104 cells/ml 
(150 ul/well) in the presence or absence of different 
concentrations of purified pCD or various substances 
tested in triplicate wells. After 5 days in culture, pro- 
liferation was evaluated using an MTT assay. The in- 
corporation of MTT was stopped by the addition of 50 
,xl of 10% SDS in 0.01 N HC1, and the optical density 
(O.D.) of the well supernatants was measured 24 hr 
later at 570 nm, using the SLT ELISA reader (Tecan, 
Research Triangle Park, NC). All media were tested 
for endotoxin contamination and shown to contain 
<0.1 ng/ml Lipopolysaccharide (LPS) using the Limu- 
lus lysate test. Steroid-deprived cells were used in all 
experiments. The levels of procathepsin D in FCS at 
the concentrations used were below detection levels 
(data not shown). Similarly, the levels of estrogens in 
FCS were below 1 pg/ml. We repeated our experi- 
ments, using both charcoal-treated FCS and medium 
without phenol red, with identical results. 

Human Cell Lines 

Prostate cancer cell lines PC3, DU145, and LNCaP 
and breast cancer cell line ZR-75-1 were obtained from 
the American Tissue Culture Collection (ATCC, 
Manassas, VA). The cancer cell lines were grown in 
RPMI 1640 medium with HEPES buffer supplemented 
with 10% heat-inactivated FCS, 2 mM L-glutamine, 
100 units/ml penicillin, and 100 (ig/ml streptomycin 
in plastic disposable tissue culture flasks at 37°C in a 
5% C02/95% air incubator. 

r.r^cs*» 
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Isolation of Procathepsin D 

Human procathepsin D was isolated from the cul- 
ture supernatant of human breast cancer cell line ZR- 
75-1, as described earlier [15]. Briefly, a two-step pro- 
cedure was used. In the first step, immunoaffinity 
chromatography was used, with anti-activation pep- 
tide antibodies attached to Protein A Sepharose. In the 
second step, FPC (Fast Protein Chromatography) 
chromatography using a Mono-Q column (Pharmacia 
LKB Biotechnology) and 20 mM TRIS (pH 7.2) was 
used. 

Animals 

Athymic nu/nu BALB/c mice were purchased 
from Jackson Laboratory (Bar Harbor, ME). 

Antibodies 

Anti-human factor I OX-21 IgGj mAb was de- 
scribed elsewhere [16]. Anti-human cathepsin D IgG2a 

mAb was purchased from Calbiochem (La Jolla, CA). 
The anti-27-44 AA fragment of the activation peptide 
was described previously [17]. Each mAb (except anti- 
cathepsin D) was isolated from ascites fluid by 50% 
ammonium sulfate precipitation followed by Mono-Q 
anion exchange chromatography. 

Preparation of Biodegradable Microspheres 

Biodegradable gelatin microspheres were prepared 
as described [11,18]. Briefly, 5% gelatin solution was 
mixed with mAbs diluted in 0.2% chondroitin sulfate 
at room temperature. Coacervation was achieved by 
rapidly adding 5 mg of gelatin solution to 5 ml of the 
stirred chodroitin sulfate solution. The microspheres 
were cross-linked by the addition of 50 JJLI of 25% glu- 
taraldehyde solution. After 30 min of incubation, 6 ml 
of ethanolamined-HCl were added. The microspheres 
were then washed six times with phosphate-buffered 
saline. 

Tumor Cell Growth in Mice 

Human prostate tumors were generated by inject- 
ing athymic nude mice with 5 x 105 LNCaP cells sub- 
cutaneously. After 10-14 days, the mice were checked 
for tumor development, and only mice with palpable 
tumors were subsequently injected intravenously with 
biodegradable gelatin microspheres containing 100 |xg 
of either anti-pCD mAb, anti-fragment mAbs, or irrel- 
evant anti-human factor I IgGt mAb (three injections 2 
weeks apart). Mice were sacrificed at various time in- 
tervals, and tumor size was evaluated by weighing the 
tumors. 
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Fig. I. Growth of human prostate cancer cell lines in serum-free 
medium containing 50 ng/ml of activation peptide (AP), 10 ng/ml of 
procathepsin D (pCD), 50 ng/ml of 1-27 AA fragment (1-27 AA), 
or 50 ng/ml of 27-44 AA fragment (27-44 AA) of the activation 
peptide. The results from growth in the serum-free medium 
(-FCS) and in control medium supplemented with FCS (+FCS) are 
given for comparison. The results represent the mean ± SD of 
three independent experiments. ^Significant differences from con- 
trol (-FCS) values at P < 0.05. 

Statistical Evaluation 

Statistical significance of the differences of the 
means was evaluated by Student's Mest. 

RESULTS 

Cell Culture 

The results showing the effect of 50 ng/ml of acti- 
vation peptide, 10 ng/ml of procathepsin D, or 50 ng/ 
ml of 27-44 AA fragment of the activation peptide on 
the proliferation of three different prostate cancer- 
derived cell lines are shown in Figure 1. Data pre- 
sented in Figure 1 were obtained after 5 days of incu- 
bation instead of the 7 days usually used, in case of 
more slowly growing breast cancer-derived cells. Pro- 
liferation was measured by the incorporation of MTT 
by cells. The data show that the proliferation of cells 
was increased in the same way by pCD, activation 
peptide, or a 27-44 AA fragment of the activation pep- 
tide. The proliferative activity of these molecules for 
prostate cancer cells was dose-responsive, with maxi- 
mum proliferative activity at a concentration of 10 ng/ 
ml (data not shown). Our previous experiments 
showed that this dose was the optimal dose both on 
breast cancer cells [4] and in a prostate cancer cell 
model [10]. 

Determination of Possible Involvement of 
Cathepsin D 

Experiments using the enzymatically inactive zy- 
mogen of CD always raise the possibility that the en- 
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Fig. 2. Growth of human prostate cancer cell lines in serum-free 
medium is not supported by 2 nM human cathepsin D (CD) or 20 
nM pig pepsinogen A (PPNG). Similarly, growth-stimulating activity 
of procathepsin D (pCD) was not inhibited by I uM pepstatin A 
(PA). The results from growth in serum-free medium (-FCS) and 
in control medium supplemented with FCS (+FCS) are given for 
comparison. The results represent the mean ± SD of three ex- 
periments. *Significant differences from control (-FCS) values at P 

< 0.05. 

zymatically fully active CD might be formed during 
the duration of the experiment. We decided to address 
this possibility by using the mature human CD instead 
of pCD (Fig. 2). However, CD failed to stimulate the 
proliferation of prostate cancer cells. In addition, we 
used pepstatin A, a strong inhibitor of cathepsin D, 
with Kj at the picomolar level [19], to test the possible 
involvement of the proteolytic activity of CD on the 
observed mitogenic function. All these experiments 
showed that the enzymatic activity of CD had very 
little influence on the growth-factor activity of pCD. 
Similarly, no proliferative activity was observed for 
pig pepsinogen A as a control molecule. Pepsinogen 
was included as a control protein with a similar over- 
all structure. 

27-44 Amino-Acid Fragment of Activation Peptide 

Despite these demonstrations that the proteolytic 
activity of the mature enzyme is not involved in the 
described effects, we decided to use only synthetic 
peptides in all subsequent experiments. As shown in 
Figure 1, there are no significant differences between 
the activity of the complete molecule of pCD or its 
activation peptide. Even a fragment of the activation 
peptide showed a similar level of activity. A strong 
inhibition of the mitogenic activity of activation pep- 
tide was observed when monoclonal antibodies raised 
against the activation peptide of pCD or against the 
27-44 AA fragment of the activation peptide were 
used (Fig. 3). The specificity of these two antibodies 
used in this experiment was described previously [17]; 

■ -FCS 
H+FCS 
■ AP 
■ pCD + anti-AP 
■ pCD" + anti-27-44 
D pCD + anti-CD 
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Fig. 3. Stimulation of human prostate cancer cell line growth in 
serum-free media and its inhibition by various monoclonal anti- 
bodies. Procathepsin D (10 ng/ml) was inhibited by I ug/ml of 
anti-activation peptide IgG (anti-AP), anti-27-44 AA fragment of 
activation peptide IgG (anti-27-44), or anti-human cathepsin D IgG 
(anti-CD). The results from growth in serum-free medium (-FCS) 
and in control medium supplemented with FCS (+FCS) are given 
for comparison. The results represent the mean ± SD of three 
experiments. *Significant differences from control (-FCS) values at 

P < 0.05. 

briefly, anti-pCD antibodies recognize epitopes con- 
tained within the activation peptide only, while anti- 
CD antibodies interact with epitopes of the mature 
enzyme and not with the activation peptide. Similar to 
our observation in a breast cancer model, this inhibi- 
tion of the mitogenic effect observed for anti-AP anti- 
bodies was specific for pCD, and these antibodies had 
no effect on the function of other known mitogens [3]. 

In Vivo Treatment 

The previously mentioned experiments were fol- 
lowed by a final set of experiments where we focused 
on the growth-stimulating activity of pCD in an in 
vivo model in which both anti-activation peptide and 
anti-27-44 AA antibodies were shown to reverse can- 
cer development. Cells of the human prostate cancer 
cell line LNCaP were injected s.c. into athymic nude 
mice. After evaluation for development of tumor 
mass, mice were injected with biodegradable gelatin 
microspheres containing 100 u.g of antibodies (day 0). 
Preliminary experiments using both breast cancer and 
prostate cancer cells revealed that 100 |i,g of antibodies 
per injection is the optimal dose. No significant differ- 
ence between 100, 200, and 300 jxg of antibodies was 
observed (unpublished results). Four mice per experi- 
mental group were killed at each time interval, and 
the tumor mass was carefully extracted and cleaned of 
all surrounding tissue. Inhibition and regression of tu- 
mor size were determined by weight. The first tumor 
mass was palpable approximately 10 days after the 
initial injection. However, at this time period the ac- 
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Fig. 4. Inhibition of LNCaP cell tumor growth in athymic mice by treatment with anti-activation peptide (anti-AP Ab), anti-l-27 AA 
fragment (anti-l-27 Ab), anti-27-44 AA fragment (anti-27-44 Ab), or control anti-factor I (Control Ab) antibodies. See Materials and 
Methods for experimental details. Results represent mean ± SD of 4 mice per time interval. ^Significant differences from control (Control 
Ab) values at P :£ 0.05. 

tual weight of tumors is very low, and most of the 
mass is formed by small granulomas. Figure 4 shows 
that mice treated with either anti-activation peptide or 
anti-27-44 AA antibodies had greatly reduced tumor 
growth. On the other hand, irrelevant anti-factor I an- 
tibodies or the antibodies raised against 1-27 AA frag- 
ment of the activation peptide (previously shown to 
be without any significant biological activity [11,17]) 
had no effect on cancer growth. The antibody- 
mediated protection from an induced breast cancer 
was almost complete for the whole tested interval of 6 
weeks. 

DISCUSSION 

The role of cathepsin D and its enzymatically inac- 
tive precursor procathepsin D in cancer development 
has recently attracted considerable attention. Besides 
their more common involvement in human breast can- 
cer [11,20-23], the significance of procathepsin D and 
cathepsin D levels in various tumors such as endome- 
trial adenocarcinoma [6], prostate cancer [24], colon 
carcinoma [25], laryngeal tumors [26], ovarian cancer 
[7], and carcinoma of thyroid tissue [27] has been dem- 

onstrated, suggesting that this system might be in- 
volved in the metastatic growth of several other cancer 
cell types. Numerous studies have demonstrated that 
this proenzyme is overexpressed and secreted from 
several types of cancer (such as breast, melanoma, and 
ovary). In addition, elevated anti-pCD antibodies have 
been found in plasma of breast [28] or ovarian [7] 
cancer patients. Numerous papers showed both the in 
vitro effects of pCD on cancer cell proliferation 
[3,10,29,30] as well as effects in vivo [11]. Furthermore, 
induced overexpression of pCD significantly stimu- 
lated metastasis in experimental models of mice in- 
jected with a rat cancer cell line transformed with hu- 
man procathepsin D cDNA [30,31]. 

The synthetic peptides were prepared with the 
highest possible purity. Nevertheless, the possibility 
that some of the observed biological effects might be 
caused by some impurities cannot be completely over- 
looked. On the other hand, we used extremely low 
concentrations; thus, it is not probable that the poten- 
tial impurities might be active in 1 ng/ml concentra- 
tions. In addition, we used procathepsin D isolated 
from the tissue culture supernatant by means of affin- 
ity chromatography with virtually identical results. 
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Furthermore, we believe that the use of synthetic pep- 
tides eliminates the effects of possible contaminants 
much more completely than when biologically iso- 
lated material is used. 

This paper focused on the hypothesis that the mi- 
togenic growth factor activity of pCD is mediated by 
its activation peptide [11]. This possibility is generally 
supported by several functions which the activation 
peptide was found to play within the family of aspar- 
tic proteinases. For example, in the case of pCD it is 
speculated that a structure within the activation pep- 
tide is involved in targeting to lysosomes (in addition 
to classical mannose-6-phosphate pathways) [32,33]. 
No inhibition of activation peptide binding or activi- 
ties by-either mannose-6-phosphate, anti-mannose-6- 
phosphate receptor antibodies, or soluble mannose-6- 
phosphate receptor was found [11]. As direct mitogemc 
action has been already demonstrated, the aim here 
was to determine which parts of the pCD are respon- 
sible for receptor activation. Direct mitogenic action 
has been already demonstrated using several models, 
including breast and prostate cancer [3,4,10]. In addi- 
tion, the activation peptide of the pCD molecule was 
found to be responsible for growth factor activity [11]. 
Therefore, the aim here was to determine if the acti- 
vation peptide is similarly involved in prostate cancer 
proliferation. Additional attention was focused on the 
question of which amino-acid residues in the activa- 
tion peptide might be responsible for activation of the 
receptor involved in this reaction. Finally, to check 
directly the possibility that pCD is involved signifi- 
cantly in the progression of prostate cancer in vivo, we 
injected athymic nude mice with a prostate cancer cell 
suspension. Two weeks later, the mice were treated 
with biodegradable microspheres containing anti- 
activation peptide or anti-27-44 AA fragment antibod- 
ies. From the results we could conclude that the pro- 
longed administration of these antibodies protected 
nude mice for up to 6 weeks (the entire tested inter- 
val). Previous results showed that elevated secretion 
of pCD increased the metastatic potential of trans- 
fected cells [34]. Our experiments demonstrate even 
more directly the involvement of pCD in prostate can- 
cer development, and identify the activation peptide 
as a new potential target for suppression of human 
prostate cancer. 

CONCLUSIONS 

The presented data confirm our previous observa- 
tion [10] that human prostate cancer cells respond to 
both pCD and its activation peptide by a significant 
increase of proliferation. The contributions of various 
enzymes and their zymogens to prostate cancer devel- 
opment were recently the subject of numerous papers 

[35,36]. In addition, functional expression cloning 
identified CD as a candidate gene for prostate cancer 
progression [37]. The data presented m our paper 
seem to be in agreement with the so-called Fusek and 
Vetvicka model [38], where pCD does not act as the 
inactive precursor of the enzyme, but as a ligand tor 
triggering a transmembrane receptor. We propose that 
the mechanism of the mitogenic function of pCD relies 
on a specific structure of the activation peptide, most 
probably inside its 27-44 AA fragment, and its inter- 
action with a cell membrane receptor present on the 
surface of at least breast arid prostate cancer cells. Ine 
experiments attempting to isolate and characterize 
this new receptor are currently in progress. 
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