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(57) ABSTRACT 

We have discovered a method of modifying the tumor cell 
microenvironment to reduce or prevent the establishment, 
growth or metastasis of malignant cells comprising admin 
istering to a patient having malignant cells a pharmaceuti 
cally effective amount of a PAR-1 inhibitor and optionally a 
PAR-2 inhibitor to prevent or reduce activation of normal 
cells Within the tumor microenviroment. This method also 
has the effect in some patients of modulating the immune 
system to facilitate a more efficient immune response to 
malignant cells and maybe coupled With cytokine therapy 
and T-cell therapy to enhance the patient’s immune response 
to the malignant cells. 
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FIG. 2E 
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FIG. 3B 
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FIG. 3C 
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FIG. 4B 
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METHOD FOR REDUCING OR PREVENTING 
THE ESTABLISHMENT, GROWTH OR 

METASTASIS OF CANCER BY ADMINISTERING 
PAR-1 AND OPTIONALLY PAR-2 ANTAGONISTS 

[0001] This invention is a continuation-in-part of serial 
number 09/603,229 ?led on Jun. 26, 2000 and claims bene?t 
of serial number 60/141,555 ?led on Jun. 29, 1999 (both 
hereby incorporated by reference). This invention relates to 
the use of PAR-1 antagonist and optionally PAR-2 antago 
nist to reduce or prevent the establishment, groWth and/or 
metastasis of malignant cells, as Well as, immune modula 
tion to aid in the treatment of malignant cells. 

BACKGROUND OF THE INVENTION 

[0002] Malignant cells solicit the help of other cell types 
such as stromal ?broblasts, mast cells, monocytes and 
vascular cells, to facilitate their invasion into the surround 
ing tissue (Gregoire and Lieubeau, 1995) because unre 
strained groWth of the tumor, by itself, does not result in 
invasion and metastasis (Liotta et al., 1991). The interface 
betWeen the invading malignant cells and the hosting stro 
mal cells, referred to as the tumor microenvironment (TME) 
(O’Meara, 1958), possesses a vast array of Well-orchestrated 
cell signaling molecules Which function to facilitate the 
proliferating tumor front to invade the stroma, degrade and 
remodel the extracellular matrix and so forth (Gregoire and 
Lieubeau, 1995). Of the many factors secreted by the tumor 
cells, the tWo proteolytic enZymes, thrombin and trypsin, 
have been correlated to the stage and type of carcinoma and 
are associated With cell invasion and extracellular matrix 
degradation (Koivunen et al., 1991). Furthermore, the ratio 
of proteases to their inhibitors in the TME can favor capil 
lary sprout elongation and lumen formation during angio 
genesis (Liotta et al., 1991). 
[0003] Thrombin is knoWn for example to facilitate 
metastasis, stimulate the adherence of platelets, increase 
vascular permeability, attract monocytes, stimulate mitoge 
nic activity of endothelial cells and ?broblasts, degranulate 
mast cells (Fenton et al., 1995; Vouret-Craviari et al., 
1992; Carney, 1992; NierodZik et al., 1992 & 1996; Woj 
tukieWicZ et al., 1993 & 1995; Cirino et al., 1996; RaZin and 
Marx, 1984). Thrombin also in?uences the rate of deposition 
of connective tissue proteins and the development of tissue 
?brosis during normal Wound healing; a process similar to 
cellular metastasis (Chambers et al., 1998). Many of throm 
bin’s effects are mediated through a seven transmembrane 
G-protein coupled receptor knoWn as protease-activated 
receptor-1 (PAR-1) via proteolytic cleavage of the amino 
terminal extension unveiling a neW amino terminus that 
folds back on the receptor thereby activating the receptor as 
a tethered peptide ligand (Vu et al., 1991). Thrombin and 
PAR-1 agonist peptides promote tumor cell adhesion to 
endothelium, extracellular matrix and platelets, enhance the 
metastatic capacity of tumor cells, activate cell groWth and 
stimulate angiogenesis (NierodZik et al., 1992 & 1995; 
Dennington and Bemdt, 1994; Klementsen and Jorgensen, 
1997; WojtukieWicZ et al., 1993 & 1995; Tsopanglou et al., 
1997; MirZa et al., 1996). PAR-1 has been localiZed in 
pancreas tumor cells (Rudroff et al., 1998), carcinoma and 
melanoma cell lines (WojtukieWicZ et al., 1995). In breast 
carcinoma cells, the level of PAR-1 expression has been 
correlated to the degree of invasiveness (Even-Ram et al., 
1998). Furthermore, B16F10 melanoma 

Apr. 18, 2002 

cells, transfected With PAR-1, enhanced thrombin-treated 
tumor cell adhesion to ?bronectin 25-fold in vitro and 
pulmonary metastasis as high as 39-fold in vivo compared to 
the control thrombin-treated tumor cells (Chen et al., 1998). 
HoWever, the expression of PAR-1 in malignant and benign 
human tumor tissues has not been extensively described in 
their histological context among the surrounding cell types 
forming the TME. 

[0004] Trypsin can stimulate ?broblasts to secrete procol 
lagen, stimulate mast cells to degranulate and is secreted by 
numerous tumor cell lines that are correlated With the stage 
and histological type of carcinoma (Koivunen et al., 1991; 
KoshikaWa et al., 1992 & 1994; Hirahara et al., 1995). Some 
of the actions of trypsin are mediated by a second protease 
activated receptor knoWn as PAR-2 (Nystedt et al., 1994; 
Bohm et al., 1996; MiZra et al., 1996; Hollenberg et al., 
1996) Which has been described in human tissues and tumor 
cell lines (Nystedt et al., 1994; Bohm et al., 1996; D’Andrea 
et al., 1998). Trypsin’s ability to degrade matrix proteins 
suggests it may participate in the processes of invasion, 
adhesion and metastasis; hoWever, the presence of trypsin in 
tumors also suggests that PAR-2 may mediate these pro 
cesses (Miyata et al., 2000). Although it is clear that tumor 
derived trypsin-like enZymes could directly regulate groWth 
in an autocrine and/or paracrine manner via PAR-2 activa 
tion (Bohm et al., 1996), the function of PAR-2 activation in 
metastasis has not been described. 

[0005] Since both thrombin and trypsin appear to activate 
several immune cells including monocytes/macrophages 
and mast cells. Monocytes/ macrophages and mast cells may 
play a signi?cant role in facilitating the survival, groWth and 
metastasis of malignant cells. The role of monocyte in?l 
tration in tumors is someWhat controversial. In some cir 
cumstances monocyte in?ltration has been associated both 
With inhibiting tumor groWth and in other circumstances 
With stimulating tumor groWth. HoWever, if the macroph 
ages/monocytes have been activated they Will produce reac 
tive oxygen species that Will lead to the decreased expres 
sion of CD3@ and results in reduced T cell response to tumor 
cells (Otsuji et al., 1996). The activation and degranulation 
of mast cells is associated With the expression of Th2 
cytokines (e.g. IL-4, IL-10, IL-13) and groWth factors (eg 
TFG-B) that Would lead be expected to lead to the recruit 
ment of other immune cells (i.e. CD4 T cells etc.) and the 
development of a localiZed Th2 type immune response 
(Bradding et al., 1995; Moller et al. 1998). One consequence 
of a localiZed Th2 immune response being established is the 
localiZed suppression of Thl cytokine expression. Unfortu 
nately, the Th1 cytokines are associated With the activation 
of cytolytic T cells (CTL) and natural killer cells (NK cells), 
Which are believed to be the principle cells that the immune 
system uses in attempting to respond to the presence of 
malignant cell and in limiting their groWth and metastasis. 
Studies in animals have demonstrated that IL-4 Will suppress 
T lymphocytes from tumor draining lymph nodes in vivo (Fu 
et al., 1997). Similarly, the expression of IL-10 also appears 
to block the generation of a tumor speci?c Th1 immune 
response (Halak et al., 1999). In human patients With various 
cancers the mean level of IL-4 seems to be elevated and the 
levels of cytokines associated With Th1 response are sig 
ni?cantly reduced as compared to healthy subjects (Goto et 
al., 1999). The groWth factors secreted by mast cells also 
may play a role in immune suppression. TGFB appears to 
suppress T cell response to tumors (Jarnicki et al. 1996). 
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Additionally, mast cells degranulation Will release among 
other things neutral proteases such as tryptase (Which 
cleaves ?brinogen and activates collagenase) and chymase 
(Which converts angiotensin I into angotensin II and 
degrades basement membranes). Chymase also appears to 
activate MMP-9/gelatinase B, Which also cleaving the 
IL-ZRO. receptor of T cells doWn regulating the capability of 
T cells to proliferate in the tumor microenvironment in 
response to IL-2 (Coussen et al., 1999; Sheu et al., 2001). 
The presence of these enZymes in the TME should facilitate 
the coloniZation, groWth, and potentially the metastasis of 
malignant cells. 

[0006] We have discovered the presence of PAR-1 and 
PAR-2 in the stromal ?broblast and mast cells are important 
in establishing a TME that facilitates the metastasis of 
cancer cells. Therefore, it is an object of the present inven 
tion to provide (1) a method of modifying the tumor cell 
microenvironment to reduce or prevent the establishment, 
groWth or metastasis of certain types of malignant cells; and 
(2) a means of modulating the immune system to more 
effectively respond to malignant cells. 

SUMMARY OF THE INVENTION 

[0007] We have discovered a method of modifying the 
tumor micro environment to reduce or prevent the estab 
lishment, groWth or metastasis of malignant cells that acti 
vate the PAR-1 receptor of normal cells comprising provid 
ing a pharmaceutically effective amount of a PAR-1 
inhibitor and optionally a PAR-2 inhibitor to a patient With 
malignant cells. 

[0008] In another embodiment of the present invention We 
have discovered a method for the modulation of the immune 
system to facilitate a more ef?cient immune response to 
malignant cells that activate the PAR-1 receptor comprising 
administer a pharmaceutically effective dose of a PAR-1 
inhibitor and optionally a PAR-2 inhibitor to a patient to 
enhance the patient’s immune response to the malignant 
cells. 

BRIEF DESCRIPTION OF THE FIGURES 

[0009] FIG. 1. Is a graphic illustration of PAR-1 and 
PAR-2 immunolabeling in normal (n=20), benign (n=10) 
and malignant (n=46) human breast tissues. Immunolabeling 
data Was expressed as the mean:S.E. Intesity of labeled cells 
observed in a 20x vieWing ?eld the folloWing values Were 
assigned to cells; (0.0) Was assigned to unlabeled cells; (1.0) 
Was assigned to Weak or light broWn labeling; (2.0) Was 
assigned to moderate broWn labeling; and (3.0) Was assigned 
to intense or dark broWn labeling. 

[0010] FIG. 2. Presents representative immunohis 
tochemical micrographs for normal (left panels: A, D, G, J), 
benign (middle panels: B, E, H, K) and malignant (right 
panels: C, F, I, L) breast tissues are presented in FIG. 2. 
Breast tissues Were assayed for inununohistochemistry using 
negative control antibodies A-C, smooth muscle actin anti 
bodies (D-F), DNA topoisomerase Ia antibodies (G-I), 
PAR-1 (J-L) antibodies, and PAR-2 (M-O) antibodies. 
ArroWheads indicate normal, benign and malignant epithe 
lial cells in the breast. ArroWs indicate areas in labeling in 
the stromal ?broblasts. Mast cells (MC) and macrophages 
(M) are indicated in the tissue. The magni?cation Was 
approximately 900x. 
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[0011] FIG. 3. Presents representative immunohis 
tochemical micrographs of PAR-1(A, C, E) and PAR-2 (B. 
D, F) expression observed in gastric carcinoma (A, B), 
undifferentiated carcinoma (C, D) and lung adenocarcinoma 
(E, F) tissues. ArroWheads indicate positive immunolabeling 
in tumor cells and arroWs indicate immunolabeling in the 
stromal ?broblasts. The magni?cation Was approximately 
900x. 

[0012] FIG. 4. Human malignant breast carcinoma tissues 
Were assayed for the expression of PAR-1 (A) and PAR-2 
(B) mRNA through in situ hybridiZation. The positive con 
trol probe, GAP-DH (C) and the negative control probe lac 
Z (D) are also presented. ArroWheads indicate tumor cells 
and arroWs indicate stromal ?broblasts. The magni?cation 
Was approximately 900x. 

[0013] FIG. 5. Presents representative immunohis 
tochemical micrographs of malignant breast tissues pro 
cessed using double immunohistochemical procedures for 
detecting the presence of PAR-1 (broWn) and Topo HO. (red) 
and PAR-2 (broWn) and Topo IIO. (red). ArroWheads indicate 
the presence of proliferating, red-labeled nuclei cells With 
the presence of broWn intracellular and membrane PAR-1 
and PAR-2 positive cells. The magni?cation Was approxi 
mately 900x. 

[0014] FIG. 6. Presents representative irnmunocy 
tochemical micrographs for quiescent (A, D, G, J, M), 
proliferating (B, E, H, K, N) and Wounded (C, F, I, L, O) 
human dermal ?broblasts using negative control antibodies 
(A-C), antibodies to detect smooth muscle actin (SMA) 
(D-F), Topo HO. (G-I), PAR-1 (J-L) and PAR-2 (M-O). No 
observable labeling Was observed of cells using negative 
control antibodies. No SMA immunolabeling Was not 
observed in the quiescent cultured cells SMA-positive 
cells (arroWheads) Were observed in cultured cells in the 
proliferating and Wounding conditions Proliferating 
cells Were detected by the presence of broWn, Topo HO. 
positive nuclei in the proliferating cells (H-I), but not in the 
quiescent cells Positive intracellular and membrane 
PAR-1 (K-L) and PAR-2 (N-O) immunoreactive cells 
(arroWheads) Were observed in the cells in the proliferating 
and Wounding conditions, but Were absent in the cells in the 
quiescent cells for PAR-1 (J) and PAR-2 The magni 
?cation Was approximately 900x. 

DETAILED DESCRIPTION OF THE 
INVENRION 

[0015] We have discovered that the activation of PAR1 
and/or PAR2 on normal host cells appears to participate in 
creating an environment that alloWs malignant cells to 
become established, groW or metastasiZe. This activation is 
associated With a variety of cells that form the TME such as 
?broblasts, mast cells and macrophages/monocytes. PAR-1 
and PAR-2 activation of the stromal ?broblasts is believed 
to contribute to the elaboration of mitogens for angiogenesis 
and tumor cell groWth. This activation is also believed to 
result in the deposition of extracellular matrix proteins and 
the release of proteolytic enZymes to facilitate tumor groWth 
and metastasis. The activation of PAR-1 and/or PAR-2 on 
monocytes/macrophages is also appears to potentially sup 
press CTL and NK cells that Would other Wise mount an 
immune response to the tumor cells. The activation of PAR1 
and/or PAR2 receptors of mast cells is also believed to result 






































