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Abstract 

Eosinophils are commonly thought to play a major role in parasitic inflammation. 

allergic disease and bronchial asthma, however, extensive eosinophilia is also associated 

with a number of different human cancers, including breast cancer. The clinical data on 

whether eosinophil recruitment contributes to a poor or favorable prognosis has yet to be 

settled. The aim of this thesis was to identify the molecular mechanisms involved in 

eosinophil recruitment to breast carcinoma sites and to reveal a functional role for 

eosinophils in breast carcinoma sites. Under the influence of TNF-a, a pro-inflammatory 

cytokine commonly found at breast carcinoma sites. we found that breast carcinoma cells 

released mediators that can activate and promote eosinophil migration. Supernatant from 

breast carcinoma cells also induced eosinophils to generate superoxide. Eosinophils were 

aIso found to release matrix metalloproteinase-9, a protease that could be involved in 

remodeling the tumor microenvironment and potentially encourage cumor progression. 
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"If we knew what it was we were doing, it would not be called research, would it?" 

Albert Einstein 



Introduction 

During an inflammatory process, both leukocytes and soluble mediators interact 

with one another to remove foreign pathogens, repair wounded tissue and restore normal 

function (Paul, 1999). Typicdly, recruitment of leukocytes to a specific tissue site from 

the bloodstream involves four major steps: rolling, activation, firm adhesion and 

transmigration. Eosinophil infiltration is associated with parasitic infection, bronchial 

asthma as well as certain types of cancers, including breast cancer (Sarnoszuk, 1997). 

Interestingly, one study showed that as many as 88% of human breast cancer tumors 

showed evidence of eosinophil infiltration (Samoszuk er al., 1996). This infiltrate was 

preferentially composed of eosinophils as neutrophils were only seen in 3 of the cases 

studied (Sarnoszuk. 1997). The role eosinophils are playing at the tumor site is unknown. 

Some studies have shown that eosinophil recruitment into tumor sites can be associated 

with a good prognosis (Bethwaite er al.. 1993; Ownby et al., 1983; Lowe er al., 1981). 

Selective eosinophil recruitment has idso been identified in lungs of asthmatics. 

With the extensive research in asthma, insight from the mechanisms identified in 

eosinophil recruitment in asthma may provide a starting point for investigating the 

mechanisms used in breast cancer. The purpose of the following study was to unveil the 

mechanisms eosinophiIs use to extravasate into tumor sites (Figure 1.1). Uncovering the 

mechanisms that eosinophils use to migrate into tumor sites may lead to the development 

of new therapeutic strategies, not only in breast cancer but also in the many other cancers 

that have observed eosinophilia 
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Figure 1.1. IClIodel for eosinophil recruitment and activation to breast carcinoma 
sites. We hypothesize that TNF-a-stimulated breast carcinoma cells release mediators 
into the environment that mediate the recruitment of eosinophiIs from the vasculature. 
Once recruited, eosinophils are activated by mediators released from the breast 
carcinoma cells. Activation could include induction of degranulation and the 

generation of superoxide. 9 = mediators released from breast carcinoma cells, such as 
chemokines; a = degranulation products released from eosinophils, such as MMPs. 



Background and Significance 

1.1 Breast Cancer Biology 

Breast cancer is an ancient disease with reference to breast tumors dating as far 

back as 3000 BC by the Egyptians (Donegan and Spratt, 1995). Breast cancer is the 

uncontrolled proliferation of epithelial cells lining the ducts or lobules of the breast 

(Figure 1.2) (Donegan and Spntt, 1995). The skin, subcutaneous tissue and breast tissue 

comprise the three major structures of the breast (Harris er al., 1996). The breast tissue 

includes connective tissue, fat, blood vessels, nerves and the lymphatics of the breast 

(Harris er al., 1996). There are between five and ten major collecting milk ducts that 

open up into the nipple. Each duct drains a lobe made up of 20 to 40 lobules and each 

lobule is made of between 10 and LOO alveoli or tubulosaccular secretory units (Harris er 

of., 1996). The internal mammary and lateral thoracic arteries comprise the major blood 

supply of the breast (Harris et ul., 1996). The majority (97%) of the lymph draining from 

the breast goes to the axillary nodes and the remaining 3% of the lymph travels to the 

internal mammary lymph nodes (Hultborn er al., 1955). 

There are two types of breast cancer: ductal carcinoma and lobular carcinoma 

(Harrison. 1994). Ductal carcinoma refers to tumors arising from the epithelial cells of 

the milk ducts where as lobular carcinoma refers to malignant cells in the lobules of the 

breast. Pre-cancerous lesions or in situ carcinomas refer to tumors that are malignant, but 

not invasive. These tumors are referred to as either ductal carcinoma in situ (DCIS) or 

lobular carcinoma in sit?! fr .CIS). 

Five thousand years later the cause of breast cancer is stiII unknown. There are 

however, some factors that put some women at a greater risk for developing breast cancer 



than others. In 1998, one in nine women in Canada had a lifetime probability of 

developing cancer and of these, one in twenty-five would die from the disease (Statistics 

Canada, 1998). After the age of 25 the incidence of breast cancer begins to increase and 

about 78% of all breast cancer cases occur in women after the age of 50 (Canadian 

Cancer Statistics, 1998). From these observations, it is apparent that age is a major risk 

factor in developing breast cancer with most of cases occurring after the age of 50. There 

rue three time points in a womens life that can influence her chances of developing breast 

cancer: age of menarchy, age at full term pregnancy and age of menopause (Hamson, 

1998). Women who start their menstrual cycle early in life have an increased lifetime 

risk of developing breast cancer. In addition, the risk of developing breast cancer in 

women who have had children by the age of 18 is approximately 30 to 40% the risk of 

women who never gave birth (Hanison, 1994). The mean age of women at the onset of 

menopause is 52 and women who enter it by the age of 40 decrease their lifetime risk of 

developing breast cancer by about 35% (Harrison, 1994). In addition to age, other risk 

factors include diet, alcohol consumption, radiation exposure and exogenous hormones 

(Harrison, 1998). 



Figure 1.2. Schematic view of the milk ducts and lobules that form the inner 
architecture of the breast. This figure was taken from Donegan and Spratt (1995). Use 
of this figure was _granted by the copyright owner. 



1.2 Leukocytes and Breast Cancer 

The immune system is capable of responding to tumors. h breast cancer there is 

evidence of systemic, regional and intratumoral leukocyte activation which has been 

associated with a good prognosis (Wong et al., 1998). Human breast cancer sites are 

infiltrated by a heterogenous population of leukocytes. termed tumor-associated 

leukocytes (TALs) (O'Sullivan and Lewis, 1994). Variable proportions of T cells, B 

cells, NK ceils, macrophages (OySullivan and Lewis, 19941, neutrophils, eosinophils 

(Samoszuk et al., 1996), fibroblasts and endothelial cells (Lewis et al., 1995) have been 

identified to accumulate mostly within the suomal elements surrounding tumor islands 

and occasionaily some of these cells are found within tumor nests (reviewed in 

O'Sullivan and Lewis. 1994). Numerous studies have attempted to find correlations 

between the composition of the tumor-infiltrating leukocyte population and prognosis of 

the patient. Unfortunately these studies have not led to any predictable relationships 

(Wong et al.. 1998). T cells and macrophages have been identified as the major 

leukocyte subsets infiltrating breast tumor sites where as natural killer and B cells are 

seldomly found. T cells can constitute between 30% and 50% of the total Ta population 

and macrophages can represent as much as 80% of the total TIL population (reviewed in 

OySullivan and Lewis, 1994). 

TALs can communicate with each other and with breast carcinoma cells through 

the release of cytokines and p w t h  factors (OySullivan and Lewis, 1994). Measuring the 

secretion of cytokines is one method to determine the function of TALs. Using 

irnmunohistochemistry, Camp and collegues demonstrated, in sim, that tumor-infithating 

lymphocytes (TILs) are able to produce IL-2, TNF-a, IL-4, TGF-f!1, IL-10, IFN-y and 



GM-CSF (Camp er al., 1996). TILs associated with malignant breast tumors produced 

significantly more tL-2. and TNF-CY than TILs associated with benign tumors (Camp er 

al., 1996). Tumor-associated macrophages (TAMS) in breast cancer were shown to be 

the primary cell that contained imunoreactive TNF-a and 17.5% of invasive breast 

carcinomas investigated contained TNF-a (Lewis et aL, 1995). A recent study looked at 

the intracellular cytokine profile of three different leukocyte populations from breast 

cancer patients. Tumor tissue, axillary lymph nodes and peripheral blood lymphocytes 

were examined and shown to synthesize type 1 cytokines including TNF-a, FN-y and 

IL-2 following stimulation with PMA+I (Wong er al., 1998). It is apparent that the tumor 

microenvironment is under the influence of many different cytokines and these cytokines 

can have diverse effects on residing celIs. 

TNF-cr was originally described to be released by bacillus Cdmette-GuCrin 

(BCG)-infected mice given endotoxin and serum from these mice was able to cause 

necrosis of Meth A sarcoma cells in vivo (Carswell er al., 1975). Besides inhibiting 

tumor cell growth, TNF has a wide range of biological activities which are largely 

dependent on the amount of TNF present. Low doses of TNF act locally and can cause 

upregulation of adhesion molecules on endothelial cells, stimulation of other leukocytes 

to secrete chemokines, activation of inflammatory leukocytes to destroy microbes and 

stimulation of tissue remodeling/angiogenesis (reviewed in Abbas er al., 1997). High 

doses of TNF can induce fever, stimulate leukocytes and endothelial cells to secrete 

cytokines into the circulation, impair stem cell division, activate the coagulation system 

and inhibit angiogenesis (reviewed in Lewis er al., 1995; Abbas er al., 1997). It is 



unlikely that TNF-a would reach into the microgram quantities in breast carcinoma sites, 

therefore local responses of RJF would be predicted (Lewis er al., 1995). 

The major cellular source of TNF-a is from mononucIear phagocytes. however 

under the appropriate stimulation T cells, B cells, NK cells, mast cells, neuuophils, 

eosinophils, kentinocytes. vascular endothelial ceIIs and smooth muscle cells are also 

capable of producing TNF-cr (reviewed in Paul, 1999). To add to the complex network 

of TNF-u production, it can also be upregulated by a number of different cytokines 

including, TNF-u itself, CFN-a, [FN-y, IL-3, IL-1 and GM-CSF (reviewed in Paul, 1999). 

1.3 Eosinophils and Breast Cancer 

1.3.1 Tumor-associated eosinophilia 

Tumor-associated eosinophilia has becn described for many years and has been 

identified in a number of hematologic and non-hematologc tumors including, acute 

myelogenous leukemia, Hod@n's and non-Hodglun's lymphomas (Samoszuk er al., 

1986 and Samoszuk er al., 1987). cervical, Lung, skin, stomach, uterine (Bethwaite er al., 

1993), breast, large boweI, endometriosis (Blumenthd er a!., 2000) and nasopharynx 

carcinoma (reviewed in Samoszuk, 1997: Lowe er al., 198 1). It has been recently shown 

that eosinophils also play a role in the normal development of the mammary gland 

(Gouon-Evans er al., 2000). Eosinophils can be detected through a variety of techniques 

including, hematoxylin and eosin staining, autofluorescence of eosinophil granules and 

green light epifluorescence (reviewed in Samoszuk, 1997). However, tissue eosinophils 

often take an ameboid or "medusa" cell morphology that makes their identification 

difficult in routinely stained specimens (Samoszuk, 1997; Hankerer nl., 1980; Hanjer et 

al., 198 1). In addition, eosinophiIs dso go unnoticed in routinely stained tissue sections 



by the simple examination of the presence of intact eosinophils. The total degree of 

eosinophil infiltration in a tissue can be determined through the use of a monoclonal 

antibody to eosinophil peroxidase (EPO) which wiIl identify both intact and degranulated 

eosinophils (Samoszuk et al., 1987). 

Samoszuk er al. published an interesting paper showing occult deposition of 

eosinophil peroxidase in human breast cancer (Samoszuk er al., 1996). The study 

included 25 cases of ductal adenocarcinomas, one case of lobular carcinoma of the breast 

and two specimens from benign breast tissue were used as controls. Eosinophil 

peroxidase (EPO) deposits were detected in 88% of the breast cancer specimens and 53% 

of the specimens had extensive deposition of EPO located in the connective tissue suoma 

around and within the tumor (Figure L .3 and 1.4). The benign breast tissue had no 

evidence of EPO deposits. Due to the fact that routinely stained breast cancer specimens 

do not contain a large eosinophil infiltrate an additional 24 breast cancer specimens were 

examined by this group. Careful microscopic examination revealed that eosinophils were 

frequently present and the lack of eosinophils identified in breast cancer specimens was 

most likely due to the medusa cell morphology making these cells difficult to identify. 

In the original study, only three of the 26 cases showed extensive myeloperoxidase 

(MPO) activity which suggests that eosinophil specitic recruitment signals were 

employed. The mechanism responsible for selective deposition of EPO around and 

within breast tumor sites stilt remains unclear. 



Figure 1.3. Immunohistochemistry detection of EPO in stroma of breast cancers. 
(A) Cryostat section of breast cancer incubated with the negative control monociond 
antibody. There was no background staining. (B) EPO deposits are seen as dark blue 
staining at the interface between tumor and adjacent normal fatty tissue. (C) The 
co~ec t ive  tissue moma within breast cancers contained abundant deposits of EPO in a 
fibrillar or ameboid pattern. Nuciear fast red counterstain and nitroblue terazolium 
substrate: Original rnagdications, L250 (A and B) and ~400 (C). Figure and legend 
were taken from Samoszuk (1996). Permission for use of this figure was granted by the 
American Society for Investigative Pathology. 



Figure 1.4 Cryostat sections of breast carcinomas incubated with monoclonal 
antibody specific for EPO. (A) Abundant deposits of EPO nearly encircle a nest of 
tumor cells. (B) Densely staining EPO activity was sometimes present within ducts 
composed of malignant cells but was not detectable in adjacent normal tissue. (C) 
Granular deposits of EPO were detectable in the stroma between tumor cells, even in the 
absence of intact eosinophiis. Ori@ magnifications, x250 (A and C) and xlOO (B). 
Figure and legend were taken from Samoszuk (1996). Permission for use of this figure 
was granted by the American Society for Investigative Pathology. 



1.3.2 Possible Roles for Eosinophils in the Tissue 

Many studies have tried to link tumor eosinophilia with prognosis. Von 

WasieIewski er al. (2000) showed that egsinophil infiltration into the tissue was a sign of 

poor prognosis in patients with nodular sclerosing Hodgkin's. However, patients with 

primary breast cancer who had normal or high levels of preoperative eosinophils andlor 

Iyrnphocytes had significantly less risk of recurrent disease (Ownby er al., 1983). Tissue- 

associated tissue eosinophilia (TATE) in women with stage O3 cervical carcinoma has 

also been shown to improve survivaI (Bethwaite er al., 1993). TATE and turnor- 

associated blood eosinophilia (TABE) may occur separately or together but in general, 

tumors with TATE alone are associated with a good prognosis and tumors with TABE 

are associated with a poor prognosis (Lowe er al.. 198 1 ) .  

The identification of eosinophils at tumor sites is known, but the role they play in 

tumor progression is unclear. Some have speculated that eosinophils may be 

participating in more of a passive role such as general tissue remodeling rather than being 

involved in n host immune response (Blumenthal er a!. ,2000; Samoszuk, 1497). 

EosinophiIs, however, can respond to tumors and they have been shown to possibly have 

direct tumorcidal activity. This has been most convincingly shown by an experirnentd 

approach called the tumor-cytokine transplantation assay where tumor celI lines are 

transfected with a specific cytokine gene (Tepper er al., 1989). The tumor cells are then 

transplanted into mice and the effect of the locally expressed cytokine on tumor 

development and leukocyte infiltration is compared with mock-ansfected tumor ceh. 

Tepper er al. transfected murine tumor cells to produce IL-4 and found a substantid 

reduction in tumor growth, in addition to the infiltration of eosinophils and macrophages 



to the tumor site (Tepper et al., 1989). Lymphocytes and neutrophils were absent in the 

inflammatory infiltrate. Interestingly, depletion of eosinophils in these mice restored 

tumorigenicity despite the continued expression of IL-4 by these tumor cells suggesting 

the importance of eosinophils in anti tumor activity (Tepper et al., 1992). Macrophages 

were also identified to be recruited to IL4 producing tumors, however they provided 

little role in antitumor activity since animals depleted of eosinophils restored 

tumorigenicity. Tumor cells transfected with IL-2 or IL-7 have also shown eosinophil 

infiltration correlating with tumor regression (Forni et al., 1987: McBride et a[., 1992). 

In addition. evidence from in vitro studies have shown that eosinophils are cytotoxic to 

tumor cells (Robens er al.. 1991) and that cooperation between eosinophils and 

macrophages may be involved in controlling tumor growth (Spessotto et al.. 1995). 

Therefore it is possible that eosinophil recruitment into tumor sites is playing a direct role 

in tumor regression, however the cytokine profile of the tumor has a major role in this 

process. 

Once in the tissue, eosinophils are becoming activated due to the high degree of 

degranulation seen by Samoszuk (Samoszuk et al., 1996). However, the factors that are 

modulating this activation is unknown. One goal of this thesis was to identify mediators 

released by breast carcinoma cells that can cause eosinophil activation such as the release 

of reactive oxygen species that could potentially contribute to tumor cell lysis, 

1.3.3 Tumor Cells and Adhesion Molecules. 

There are four main families of vascular cell adhesion molecules: selectins, 

mucin-like family, Ig superfamily and integrins (reviewed in Gonzalez-Amaro and 

Sanchez-Madrid, 1999). The selectins are a famiIy of membrane gIycoproteins that have 



distal-like lectin domains and can bind to sialylated carbohydrate moieties presented by 

another family of adhesion molecules called mucins. Three proteins L-, E- and P-selectin 

make up the selectin family. L-selectin is usually present on leukocytes, whereas E- 

selectin is found on endothelial cells and P-selectin is expressed by both endothelid ceiIs 

and platelets. Integrins, another adhesion molecule family, are heterodimeric proteins 

that are expressed by most cell types, but specific subgroups are exclusively present on 

leukocytes. VCAM- 1 and ICAM-1 are members of the immunoglobulin superfarnily of 

adhesion molecules and they are known to bind to integins. 

Breast carcinoma cells are also known to express adhesion molecules. Sialyi 

Lewis X antigen (SLe" (Fukushima et al., 1984), E-cadherin (Gonzalez et al., 1999). 

ICAV-L (Budinsky et al., 1997: Orgawa et al., 1998). galectin-3 (Idikio, 1998), CD44 (de 

la Torre er al., 1995). a,-a&,)-integrins (van der Pluijm er nl., 1997), &p3-integrin (van 

der Pluijm et ul., 1997; Liapis et ab, 1996) and 03, and Ps subfamilies (Gui er al., 

1995) have been shown to be expressed by breast carcinoma cells. It should be noted that 

not all breast carcinoma cells express these adhesion molecules due to the heterogeneity 

of tumor cells. Adhesion molecules expressed on breast carcinoma cells are involved in 

tumor cell-tumor cell adhesion and in the recruitment process of metastatic cells to 

secondary sites. 

As eosinophils gain access to the tumor microenvironment it is probable that they 

receive an activation signal to cause the observed depulat ion and release of EPO 

(Samoszuk et al., 1996). Adhesion to breast carcinoma cells may either prime 

eosinophils or provide the final stop signal that they need to cause degranulation. In 

previous studies, eosinophil adhesion alone to VCAM-1 can cause the generation of 



superoxide anion (Or) (Nagata et al., 1995). It has also been shown that eosinophil 

adhesion to ICAM-1 in the presence of GM-CSF can cause release of 0 y  and eosinophil- 

derived neurotoxin (Nagata et al.. 1998). 

1.1 Selective Eosinophil Recruitment 

Eosinophils are bone marrow-derived granulocytes that represent between 1-68 

of the total white blood celI population in normal individuals. These relatively low 

numbers of eosinophils dmaticdly increase in the tissue of individuals with allergy and 

asthma (Bousquet el al., 1990; Sedgwick et al., 1991). It is interesting to note that 

recruitment of eosinophils in chronic allergic inflammation does not include the 

recruitment of neutrophils (Bradley et al., 199 1: Poston et al., 1992), therefore selective 

recruitment mechanisms exist for eosinophils. Due to the similarity of selective 

eosinophil recruitment and the extensive research in asthma, insight from the mechanisms 

identified in eosinophil recruitment in asthma may provide a starting point for 

investigating the mechanisms used in breast cancer. 

Selective recruitment of eosinophils into the tissue is believed to be due to 

selective adhesion pathways, specific chemotactic factors and enhanced survival by 

certain cytokines (Wardlaw et al., 1995). Platelet-activating factor (PAF) and C5a are 

potent chemoattractants for eosinophi ts (Wardlaw er al., 1986), however, the nonspecific 

effects of PAF can also cause neutrophil aggregation and chemotaxis (Shaw et al., 1981). 

E-3, IL-5 (Yamaguchi er al., 1988) and GM-CSF not only participate in eosinophil 

differentiation, maturation and survival these cytokines are also chemotactic for 

eosinophils (reviewed in Wadlaw et al., 1995). Aside from lipid mediators and 



cytokines, members of the chernokine family have been shown to promote preferentid 

migration of eosinophils over neutrophils. 

1.4.1 Chemokines 

Chemokines (for review see Baggiolini, 1998: Mantovmi, 1999; Premack and 

Schall, 1996: Luster, 1998) are low moteculrtr weight proteins. between 8 and 12 kDa in 

size, and have been traditionally thought to play a role in leukocyte recruitment and 

activation at sites of inff ammation ( h o s t  et al., f 996; Taub, 1996). However the 

function of chemokines has recently expanded to include tissue morphogenesis, 

angiogenesis. prolifetation and apoptosis of cells (Nickel er al., 1999). Chemokines have 

also been shown to be capable of activating integins on a cell, increasing avidity for its 

assumed ligand (Weber er aL, 1995; Weber ef al.. 1996a). This was specificdly seen in 

eosinophils when RANTES, a CC chemokine, activared U 4  on the eosinophil, 

increasing its adhesiveness to VCAM-1 (Weber er al., 1996b). Chemokines have four 

conserved cysteine residues that form two disulfide bonds. The family of chemokines is 

subdivided based on the position of the first two cysteine residues. The CXC or a 

subfamily of chemokines have one &no acid sepmting the first two cysteines and the 

CC or fl chernokine family have adjacent cysteine residues. There are chemokines that 

do not fit into this description. Fractalkine has three intervening amino acids between the 

first two conserved cysteine residues and lymphotactin contains only three conserved 

cyseeine residues. A Iist of the CXC and CC chemokine members can be found in Tabfe 

1.1 and rue matched according to the receptors they bind to. In addition, chemokine 

receptor expression on human leukocytes can be found in Table 1.2. 



Table 1.1. Human Chemokine Receptors and their Ligands. 

Receptors Ligand 

CCRI 
CCR2 
CCR3 
CCR4 
CCRS 
CCR6 
CCR7 
CCRS 
CCR9 
CCRIO 

RANTES, m - 1 %  MCP-2, MCP-3 
MCP- 1. MCP-2, MCP-3, MCP-4 
Eotaxin, Eotaxin-2, Eotaxin-3, RANTES, MCP-2, MCP-3, MCP-4 
TARC 
RANTES, MIP- 1 CL MP- 18 
MIP-3a 
m - 3 8  
1-309 
TECK 
MCP- I. MCP-3 

CXCRl [L-8, GCP-2 
CXCR2 iL-8. GROccB,y, NAP-2, ENA78. GCP-2 
CXCR3 P10, Mig, 1-TAC 
CXCR4 SDF 

CX3CR Frac taI ki ne 
C Lymphotactin 

Table 1.2. Main CC and CXC Chemokine Receptor Expression on Human 
Leukocytes (Baggiolini er aL, 1999 a d  Baggiolini, 1998) 

Leukocyte Receptor 

Eosinophils 
Neutrophils 
Basophils 
Monoc ytes 
Activated Monocytes 
B Lymphocytes 
T Lymphocytes 
Activated T Lymphocytes 
Activated Eosinophiis 

CCRI, CCR3, CXCR? (minor) 
CXCRI. CXCR2, CXCR4 
CCRI, CCR2, CCR3, C X C K  (minor) 
CCRI, CCK.  CXCR4, CXCRl (minor), CXCR2 (minor) 
CCR5 
CCR6, CXCR4 
CCR4, CXCR4 
CCRI, CCR2, CCR3, CCRS, CCRS, CXCR3 
CCRl, CCR3, CXCRI, CXCR2, CXCR3, CXCR4 



A number of eosinophil specific chemokines exist. RANTES is n potent 

chemoattractant for eosinophils and lymphocytes, but not for neutrophils (Kameyoshi et 

al., 1992; A l m  er al., 1993). RANTES can also upregulate the expression of 

CD 1 1 b/CD L 8 and cause eosinophil cationic protein (ECP) degranulation in eosinophils 

(Alarn er al., 1993). MCP-3 induces calcium changes and chemotaxis as effectively as 

RAiNTES, making these two chemokines the most potent activators of chemotaxis in 

virro (Dahinden er al., 1994). Although weaker in stimulating eosinophil migration than 

R A W S .  MP-la has also been shown activate eosinophils (Rot et al., 1992). K P - 4  

has been shown to be a chemoattnctant for eosinophils, monocytes and T lymphocytes, 

but not for neutrophils (Uguccioni er al., 1996). Having similar efficacy as RANTES in 

chemotaxis. eotmin is a potent eosinophil-selective chemoattractant (Elsner et al., 1996). 

Eotaxin-2 and eotaxin-3 have also been shown to selectively recruit eosinophils 

(Forssmann er al.. 1997; Kitaura er al., 1999). All of these chemokines have been shown 

to preferentially recruit eosinophils and not neutrophils and therefore could be mediating 

tissue eosinophilia. 

1.1.2 Chernokines and Breast Carcinomas 

The expression of chemokines at breast carcinoma sites has not been extensiveIy 

investigated and is largely unknown. The expression of RANTES has been identified to 

be elevated in sections of breast carcinomas from women with stage II or stage III of the 

disease compared with sections from stage I patients (Luboshits er al., 1999). The 

correlation of an increase in RANTES expression with advanced stages of disease 

suggests a possible role in tumor progression. Expression of MCP-I has also been shown 

to be present in breast cancer and increased levels have been correlated with histologicd 



,gade, an increase in TAM accumulation and with angiogenic factors such as IL-8 

(Valkovic et al., 1998; Ueno et al., 2000). Breast carcinomas have also been shown to 

express TGFB1 (Auvinen et al., 1995), TGFB:! (Auvinen et al., 1995). IL-lu (Kurtzman 

1999) and IL-lfl (Kurtzman et al., 1999; Jin et al., 1997). Effects of these cytokines and 

chernokines on eosinophils in the tumor environment is unknown. 

1.53 Eosinophil Functional Responses 

Eosinophils are not only responsive to a number of different mediators, they are 

aIso known to produce and secrete lipid mediators, cytokines (Moqbel et al., 1994), 

chemokines and major granule proteins (Figure 1.5) that can activate other leukocytes, 

even eosinophils themselves. Major eosinophil receptors are listed in Table 1.3- 

Cvtokines Maior Granule Proteins 
IL- 1 a TGF-u and-$ Major Basic Protein(Core) 
IL-3 TNF-a Eosinophil peroxidase 
IL-5 GM-CS Eosinophil cationic protein 
EL-6 Eosinophil-derived neurotoxin 
IL-8 Chmot-Leyden crystal protein 

(primary granules) 
Lipid Mediators 
PAF Chemokines MMPs 
LTC j RANTES MMP-9 
Prostaglandins MIP-la 
Thromboxme IL-8 

Figure 1.5. Mediators Secreted from Eosinophils 



Table 1.3. Receptors found on circulating eosinophils. 

Adhesion 
cclflr PECAM 
%PI ICAM- 1 
~ $ 7  ICAM-3 
LFA-1 (CDl ldCDl8) L-selec tin 
Mac- 1 (CD 1 1 b/CD 18) PSGL- 1 
p 150.95 (CD 1 lc/CD 18) 

Chemo kines 
CCR 1 
CCR3 
CXCR2 (minor) 

Cytokines and Growth Factors 
IL-1 GM-CSF 
IL-3 fFN-Y 
IL-5 TNF-u 

Lipid Mediators 
PAF 
LTB J 

One of the most characteristic features of eosinophils are the specific granules 

located in the cytoplasm. There are about 10 membrane-bound p u l e s  per cell and they 

house four major secretory effector proteins of eosinophils. The dense core is mainly 

composed of major basic protein which is a cationic protein known to induce histamine 

release from basophils and superoxide production from neutrophiIs (Moy er al., 1990). 

The less dense matrix is composed of ECP, eosinophil-derived neurotoxin (EDN) and 

€PO which all have some cytotoxic activity (Wardlaw et al., 1995). The specific 

granules are also the storage site for cytokines produced by eosinophils (Figure 1.5). 

Upon the appropriate stimulus, activated eosinophils can release their cytotoxic granules 



causing tissue damage as well as activating nearby mast cells, neutrophils and 

macrophages. 

Eosinophils can also generate reactive oxygen species, adding to the destructive 

capabilities of these cells. Although neutrophils are better phagocytes than eosinophils, 

eosinophils have between three to six times more N m P H  oxidase activity (DeChatelet er 

al., 1977) and two FoId more cytochrome b 5 ~  than neutrophils (Segal er al., 1981). 

Activated eosinophils can responded by producing superoxide anion (0y) and hydrogen 

peroxide (H20t). Once an eosinophil is activated there is an increase in oxygen 

consumption and superoxide is formed by the donation of an electron from NADPH to 

molecular oxygen through NADPH oxidase forming a free radical. Hydrogen peroxide 

can be formed by the dismutation of 02' and when combined with EPO and a halide can 

have toxic properties to tumor cells (Jong and Klebanoff. 1980). Secretory IgA (Abu- 

Ghazaleh er al., 1989) and PAF (Kroegel er al., 1989) have been identified to be strong 

secretagogues for eosinophils in inducing superoxide. Chernokines have also been shown 

to induce superoxide generation from eosinophils, such as eotaxin (Elsner er al., 1996). 

eotaxin-2 (Elsner er al.. 1998) and MCP-3 (Elsner er al., 1996). 

1.5 Matrix Metalloproteinases 

Mauix rnetallopmteinases (MMPs) are a family of 17 structunlly and 

functionally related zinc endopeptidases that are capable of degrading extracellular 

components (reviewed in Westerrnarck and Kahari, 1999). Members of the MMP family 

can be Further divided into subgroups based on substrate specificity and structure. There 

are five subgroups consisting of: collagenases, gelatinases, strornelysins, membrane-type- 

like, and other MMPs. The expression of MMPs can be induced at the transcriptiona1 



level by stimulation from cytokines, growth factors or cell contact to the ECM (reviewed 

in Kugler, 1999). The activity of MMPs are also tightly regulated based on the fact that 

most MMPs are released in an inactive form and require the presence of other proteinases 

for activation. Tissue inhibitors of metalloproteases (TIMPs), naturally occurring 

inhibitors of MMPs, can also inhibit the actions of MMPs in a 1: 1 stoichiomeuic ratio. 

MMP activity prevails when the balance of MMPs and TIMPs is disrupted and MMPs are 

in molar excess to their inhibitors. 

Structurally, MMPs contain a propeptide, a catalytic domain and a C-terminal 

hemopexin domain. The gelatinases, MMP-2 and MMP-9, contain a fibronectin-like 

domain within the catalytic domain and unique to MMP-9, a collagen V-like domain is 

present in between the catalytic and hemopexin domain. The fibronectin-like domains 

can bind gelatin and loss of this domain resuIes in no gelatinolytic activity. Loss of the 

collagen V-like domain seems to have no consequence on subsuate specificity or enzyme 

activity. Most MMPs are released in an inactive state which is due to the interaction of a 

cysteine residue in the prodomain with a zinc rnolecuie in the catalytic domain. This 

conformation renders the enzyme's active site inaccessible. Activation can occur by 

either disrupting the cysteine-zinc interaction or by cleavage of the prodomain. 

MMPs are important proteinases that are involved in many normal physiological 

processes including, uterine implantation. menstruation, embryonic growth, tissue 

morphogenesis and tissue repair (Shapiro, 1998). Inappropriate or overexpression of 

certain MMPs has contributed to the disease progression of rhematoid arthritis, 

osteoarthritis, multiple sclerosis, cardiovascular disease and to the progression of tumors 



(Shapiro, 1998). Tumor invasion, metastasis and angiognesis have all shown to involve 

the action of MMPs. 

1.5.1 MMPs and Breast Cancer 

The correlation between increased MMP activity with tumor progression was first 

described by Liotta er ai. when they showed tumor cells with higher metastatic efficiency 

had the greatest level of type IV collagen-depding activity (Liotta et al., 1980). Since 

tumor pro_eression has been shown to correlate with an increase in MMP expression, a 

number of studies have investigated the profile of MMP expression in breast cancer. 

Strornal cells surrounding malignant epithelial cells have been shown to express 

stromelysin-3 in which expression was absent in in siru lesions or in suornal cells 

surrounding normal ducts (Basset er al., 1990). This suggests that a possibie role for 

suomelysin-3 in tumor progression may exist. The expression of MMP-3 (suomelysin- 1) 

in normal mammary epithelial cells has been shown to ultnsform these cells into invasive 

mesenchymal-like tumors (Sternlicht er al., 1999) MMP-2 and MMP-9 levels have been 

shown to co-upregulate with endothelial growth factors in human breast carcinomas, 

indicating a possible role in neovascularization (Kurizki er al., 1998). Davies et al. 

(1993) also identified MMP-2 and MMP-9 in malignant breast tissue and demonstrated 

that L W - 9  levels increased with tumor stage. Absent in nomd breast tissue, 

collagenase-3 (MMP-13) expression was found to be localized in stromal cells 

immediately adjacent to epithelial tumor cells (Freije er al., 1994; Uria et al.. 1997). 

MTl-MMP has k e n  shewn to be expressed by tumor cells taken from invasive breast 

carcinomas (Ueno er al., 1997; Ddberg er al., 2000). It is interesting to note that the 

major sources of MErPs in breast cancer arise from the suomal cells such as macrophages 



and fibroblasts and not from the tumor cells themselves (Kurizaki er al., 1998). Growth 

factors released from breast carcinoma cells have been shown to increase MMP gene 

expression in stromal cells (Basset er al., 1990), supporting the idea that tumor cells can 

communicate with stromal cells md modulate expression of MMPs. 

Eosinophils stimulated with IL-5 and PAF are known to release MMP-9 (Okada 

er al.. 1997) and recently it has been shown that W-cx can also increase de novo MMP- 

9 synthesis and release from eosinophils (Schwingshackl er al., 1999). It is therefore 

possible for eosinophils to be influenced by mediators present at breast carcinoma sites 

and contribute to tissue remodeiing through the release of MMPs. 

1.5.2 Stromal Cells and Tumor Progression 

Metastasis is the spread of cancer cells from a primary tumor to distant sites in the 

body. Tumor cells must detach from the primary tumor. move through the ECM, enter 

the circulation, adhere to endotheliurn, extnvasate into the tissue and grow to form a new 

tumor at a new site. In order for this process to occur, tumor cells themselves must have 

the capability to produce proteases to transverse through the ECM. This observation has 

lead to skepticism on the role stromal ceIIs have on tumor progression. There is however 

growing evidence that stromal cells do play a role in tumor progression. 

One example of the role smmal cells play in tumor progression was demonstrated 

by using Mh4P-2 deficient mice (Itoh er al., 1998). B16-BL6 melanoma and Lewis lung 

carcinoma (LLC) cells were implanted into wild type and MMP-2 deficient mice. 

Angiogenesis and tumor growth rates were found to be significantly lower in mutant 

mice than wild type mice. Gelatin zymograms were carried out on soluble fractions from 

the tumors. MMP-2 activity was seen in extracts from wild type mice, but not from 



mutant mice, that received B 16-BL6 melanoma cells. suggesting that PUIMP-2 was 

derived from host cells and aiding in tumor progression. Extracts taken from wild type 

and mutant mice injected with U C  both contained MMP-2 suggesting that LLC ceHs 

secrete MMP-2 in vivo. However LLC-derived MMP-2 had little effect on tumor 

progession since MMP-2 deficient mice had slower growing tumors than wild type mice. 

These studies not only show that MMP-2 plays an important role in tumor progression, 

but also that host derived, not tumor derived, MMP-2 significantly enhanced tumor 

progression. As mentioned earlier, stromeiysin-3 is only found in stromal cells 

surrounding epithelial tumor cells (Basset er al., 1990) and has been associated with 

malignant process. Masson er al. (1998) showed that stromeiysin-3 deficient mice had 

lower tumor incidence. smaller tumor size and lost the capacity to promote implantation 

of MCF-7 cells, a breast cancer cell line. These data suggest that stromal derived 

stromelysin-3 contributes to tumor progression and supports the idea that stromal cells 

play a role in tumor progression. 

Taken together, strornd cells have the potential of influencing tumor progression. 

Therefore, it could be hypothesized that extensive eosinophii rec~~uitrnent could have m 

impact on tumor progression through the release of MMPs. 



Hypothesis & Specific Aims 

Hvuothesis I :  Breast carcinoma cells stimulated with cytokines will increase the 
expression of adhesion molecules on their surface. 

Objectives: 
I. To determine if TNF-u can upregulate the expression of adhesion molecules. 
2. To identify if eosinophils adhere to TNF-CY stimulated breast carcinoma cells. 
3. Which adhesion molecules are responsible for eosinophil adhesion on breast 

carcinoma cells? 

H~vothesis 2: Breast carcinoma cells stimulated with TNF-u will release eosinophil 
specific chernoattractants and activators. 

Objectives: 
1. Do TNF-u-stimulated breast carcinoma cells release eosinophil activators 

and/or chernoattractants? 
2. Do breast carcinoma cells release mediatorts) that can stimulate an increase in 

eosinophil adhesion to these cells? 
3. Can these mediator(s) cause a superoxide burst in eosinophils? 
4. Characterize and identify the activators and/or chemoattractants released by 

TNF-a-stimulated breast carcinoma cells. 
5. Can breast carcinoma supernatants induce the expression of chemokine 

receptors not normally found on eosinophils? 

Hvuothesis 3: Eosinophils found in breast tumor sites are changing the tumor 
microenvironment through the release andlor activation of MMPs. 

Objectives: 
1. Can eosinophils release matrix metalloproteinases? 
1. Can breast carcinoma supernatants induce MMP-9 release from eosinophils? 
3. Can TNF-u alone induce MMP-9 release from eosinophils? 
4. Which TNF receptor is responsible for inducing MMP-9 release from 

eosinophils? 
5. Can MMP-9 release from eosinophils stimulated with breast carcinoma cell 

supernatant be blocked with a TNF receptor antibody? 
6. Can W S ,  MCP-1 or IL-8 induce MMP-9 release from eosinophils? 
7. Can eosinophil adhesion on breast carcinoma cells stimulate MMP-9 release? 



Chapter Two: Materials and Methods 

2.1 Reagents and Antibodies 

Recombinant human tumor necrosis factor-a (TNF-u) was purchased from R & 

D Systems (Mnneapolis, MN). Recombinant human eotaxin and RANTES were both 

purchased from Serotec (Oxford, EngIand). Cytochrome c, superoxide dismutase (SOD) 

and p-minophenylmetcuric acetate (APMA) were all from Sigma (Oakville, ON). 

Hanks' balanced salt solution with ca2* and M~'' (HBSS) and Media 199 (M 199) were 

both purchased from Gibco BRL, Life Technologies (Grand Island, NY). AII piasticware 

was from Becton Dickinson (Franklin Lakes, NJ). 

Dr. Roy Lobb (Biogen, Boston, MA) kindly provided the anti-human VCAM-1 

monoclonal antibody (mAb) 4B9, which was prepared and characterized as described 

(Carlos er al.. 1990). Antibodies against VCAM- 1 ( I  .GL IB I), CD49d. eotaxin and 

RANTES were purchased from Serotec (Oxford, England). Both the anti-human P- 

selectin G 1 and anti-human E-selectin ES 1 mAbs were kindly provided by Dr. Rodger 

McEver (University of 0 klahoma, Oklahoma City, OK) and were prepared and 

characterized as described (Geng er ai., 1990: PateI er al., 199%). The anti-human CD 18 

mAb was from Coulter-Irnmunotech (Burlington, ON) and the anti-human MCP-4 mAb 

was purchased from ID Labs (London, ON). All other antibodies used were purchased 

from R & D Systems (Minneapolis, W. 

All ELISA kits were purchased from R&D Systems (Minneapolis, MN) with the 

exception of the MCP-3 ELJSA kit which was purchased from Anogen ~ s s i s s a u g a ,  

Ontario, Canada). The gelatinase activity assay kit was from Chernicon International 

(Temecula, CA). 



2.2 Experimental Methods 

2.2.1 Eosinophil Isolation 

In order to determine possible interactions between breast cancer cells and 

eosinophils, peripheral blood eosinophils were isolated. The donors used in our 

experiments were chosen from the general population and were not selected for particular 

characteristics such as allergy or asthma. Approximately 20 different donors were used 

throughout the course of this study. Venous blood was obtained from blood donors and 

sedimented on dextran for one hour. Red blood cells were removed by hypotonic Iysis 

and granulocytes were isolated by density centrifugation on lymphoprep 1077 a f e  

Technologies, Grand Island, NY). Isolated granulocytes were then labeled with anti-CD3 

and anti-CD 16 MicroBeads (Miltenyi. Auburn, CA) for 30 minutes. After this time 

CD3' (T cells) and CD 16' (mostly neutrophils) cells were magnetically labeled. A type 

CS Magnetic Activated Cell Separator (MACS) depletion column (Miltenyi, Auburn, 

CA) was placed in the magnetic field of a MACS separator and positively labeled cells 

were retained in the column and therefore separated from the desired, unlabeled 

eosinophils. Greater than 95% eosinophil purity can be achieved with this method. 

Freshly isolated eosinophils were used in dl experiments performed. 

2.2.2 Cell Culture 

Isolating and culturing human breast cancer cells from primary tumor ceils has 

been extremely unsuccessful (Ethier er aL, 1996). Breast carcinoma cell lines were used 

in the study as our approach to answering the specific aims. MDA-MB-435S, BT-20, 

SK-BR-3 and MDA-MB-486 breast carcinoma cells lines were used and were kindly 

provided by Drs. Patrick Lee and Karl Riabowol (University of Calgary, Calgary, Ab). 



MDA-MB-435S, BT-20, SK-BR-3 and MDA-MB-486 cell lines were maintained in 

DMEM (Dulbecco's Modified Eagle Medium, Life Technologies. Grand Island, NY) 

with 10% FBS (fetal bovine serum) and antibiotics. 

2.2.3 Stimulation of Breast Carcinoma Cells 

Confluent monolayers of breast carcinoma cells were washed with Ml99 once. 

MI99 containing 0.5% Human Serum Albumin (M199/A) or MI99 containing 20 ng/mL 

TNF-cr was added to cells and ailowed to incubate at 37OC for the indicated times. In 

time course assays. cells were stimulated with TNF-a for the indicated time, supernatants 

were harvested, ceIIs were washed four times with M199 and finidly M1991A was added 

for the remaining 24 hour stimulation. Therefore, for the 24 hour time point the TNF-u 

used to stimulate the cells is still present in the supernatant. 

Wash BC 
Variable TNF-cr Cells 4X M 199/A for the 

Stimulation 1 remaining 24 hours 

2.2.4 Reverse Transcription-Polymeme Chain Reaction (RT-PCR) 

RT-PCR was used to determine mRNA expression of various adhesion molecules 

and chemokines in breast carcinoma celb. Confluent monolayers of breast carcinoma 

ceIl lines were stimulated with either M199fA alone or M199lA containing 20 ndmL 

TNF-a for 4 or 24 hours. Supernatants were removed and cells were washed once with 

M199 and immediately tysed in TRIzol reagent (Life Technologies, Gmd Island, NY). 



Total RNA was extracted according to manufacturer's instructions. RNA concentrations 

and purity were determined by measuring the absorbance at 280 and 260 nm by using 

either a GeneQuant spectrophotometer (Pharmacia, Pascataway, NJ) or a SPECTRAmax 

PLUS spectrophotometer (Molecular Devices, Sunnyvale, CA). Reverse transcription 

(RT) of the isolated RNA using Superscript II (Life TechnoIogies) was performed 

according to manufacturer's instructions. PCR was performed with Qiagen Master Mix 

using 2 p1 of the RT reaction as template cDNA and the appropriate primer pairs. 

Primers for P- and E-selectin. VCAM- 1, ICAM- 1, R A i i S ,  MCP- 1, MCP-3, MCP-J, 

Eotaxin, Eotrutin-2. Eotaxin-3, MIP-lu, IL-8, Gro-u, PF4, SDF-1, ENA-78, IP-10 and 

MIG were used to assay for the presence of mRNA in the breast carcinoma cell lines. P- 

actin is a housekeeping gene and was used as a positive control to ensure that the PCR 

reaction was successful, AII CXC chemokine primers were designed and kindly provided 

by Steve Kerfoot (University of Calgary, Calgary, AB). Table 1.4 summarizes the primer 

pairs used. 



Table 1.4. Sequences of primer pairs for adhaion molecules, CC and CXC 
chemo kines. 

[ Primer 1 Sense Anti-Sense 1 Band Size 1 
(5' to 3') (5' to 3') (bp) 

CATGGATGATGATATCGCCG ACAKCTGGATAGCAACGTA 417 
TGAAGAAAAAGCACGCARG 
AACGAGAAGCCWGTGTM 
GGCAAGAACCTTACCCT ACG 
AGGGGACCACATCTACGCT 

1 

AGCGGCTCACACGAAATAG 1 7 14 
. - -  

GAGACCTCTGGCTTCGTCAG 586 
ACAGAGCTCCC ATTC ACG A 1043 
GCTCGTCGTGGTCAGAATCT 336 - 
TTCCCCAAGTCTCTGTATCT 466 
GGGGACAGTGGCTACTGG 325 
ACCCCTGGGAACCGAATAC 300 

Eotuin-2 
E o t ~ i n - 3  
m- la 

IL-8 

~ ~ ~ - u  
PF-4 
SDF- 1 

ENA-78 
IP- 10 
M G  

ACATCATCCCT ACGGGcrC 
AGïCT CCACCTTGGAACTG 
ACTGCTGCCcr"rGCTGTC 

AGGAAGMCCACCGGAAG 
CCTGC.4TCCCCCATAGTTA 

TCCIXCCACTTGTGGTCG 
AGACAAGTGTGCATTGACCCG 
CGGATCCTCCAATCITCG 
GCACCATGAATCWCT GCGA 
CGMTCTCAACGTTCT CG 

GTTTGGTTGCCAGGATATCT 
AGTCAC AAmGTTTCGGAGTï 
GCAACMCCAGTCCATAGAA 

ITCTCCCGTGCAATATCTAG 
TCCCCTGCCTTC ACAATGA 

GCAAATGCACACACGTAGG 
GGCCîTAGTCTMGCTCiCTACGTGT 
GCTGAAAGCTTAAGCGCC 
GGAAWACTGCATCGATTTTG 
Cï ff GGAGGCTGCAGTACG 
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350 
625 
502 
273 
320 
635 
334 
399 



22.5 Western Blots 

Determination of protein in breast carcinoma cells was accomplished by western 

blot as previously described (Pate1 et al., 1995b). Briefly, breast carcinoma cells were 

=own to confluence in 6-well plates and then stimulated with either M199lA or M199iA - 
containing 20 ngmL of TNF-a for 4 or 24 hours. Cells were harvested by treatment with 

Versene (Life Technologies, Grand Island. NY) and pelleted for 5 minutes at 3 10xg. 

Cells were then lysed in lysis buffer containing 1% Triton X-100.5 mM EDTA for 30 

minutes on ice and then spun to 20.000xg for 10 minutes at 4°C. supernatants were 

carefuIly transferred to a new tube and resuspended in 1X laemeli's sample buffer. 

Proteins were separated on a 7.5% SDS-PAGE for 1 hour at 300V and later transferred to 

polyvinylidene difluoride membrane for 1 hour at 200 milliamps. Membranes were 

blocked in 5% skim milk powder in 0.05% Tween in Tris Base Saline (TBS) (TTBS) 

anywhere from 2 hours to overnight. Primary antibody was used at optimal 

concentrations of 2 pgml in 5% skim milk powder in TTBS and incubation times varied 

from 2 hours to overnight. All overnight incubations occurred at 4OC. Multiple VCAM-1 

antibodies (4B9,4B2, 1.G1 lB1) were used for western blot analysis, however the only 

antibody that recognized VCAM-1 from breast carcinoma cells was clone 1.G11B1. 

Both JB9 and 4B2 antibodies block binding to domain 1 on VCAM-1, however the 

binding site for 1.G11B 1 is unknown. Unbound primary antibody was removed by three 

10 minute washes in TTBS. The secondary antibody, horseradish peroxidase-conjugated 

anti-mouse IgG antibody (GAM-HRP) (Amersham, Buckinghamshire, England), was 

added in a 1:2000 dilution for I hour at room temperature. Membranes were washed 



again in TTBS, developed by the addition of ECL reagent (Amersham, Life Science, 

Buckinghamshire, UK) and visualized by chernilurninescence on film. 

2.2.6 Surface Expression ELISA 

Surface expression of adhesion molecules on control and TNF-a breast carcinoma 

cells were determined by a modified ELISA. Confluent monolayers of breast carcinoma 

cells were washed with MI99 and stimulated for 24 hours with M199IA alone or M199/A 

containing 2Onglrn.L of TNF-a After the cells were washed gently with HBSS, they 

were fixed with 1% paraformaldehyde for 30 mins at 4OC. The cells were washed again 

with HBSS and nonspecific binding sites were blocked with a 1% solution of Human 

Serum Albumin (HSA) in HBSS (HBSSIA) for at least 30 mins at 37 "C. Primary 

antibody for VCAM-1 (1.GI 1B I), ICAM-1, P-Selectin and E-Selectin were diluted to 2 

&mI in 1% HBSSIA and incubated for 30 mins at 37 OC. The breast carcinoma cells 

were carefully washed three times with HBSS to remove any unbound antibody. A 

1: 1000 dilution of GAM-HRP antibody was added and incubated for 30 mins at 37 "C. 

Cells were washed once more and antibody binding was determined using a trimethyl- 

benzadine one-step substrate and quantified by reading absorbance at 450 nm. An 

isotype matched non-immune [gG was used to determine background antibody binding 

and was subtracted from dl absorbance readings. 

2.2.7 Static Adhesion to Breast Carcinoma CeUs 

Static adhesion assays on breast carcinoma cells were used to determine if 

eosinophils were capable of binding to breast carcinoma ceIls. Breast carcinoma cells 

were grown in 24-well plates and treated with M199lA alone or TNF-a for 24 hours. 

Supernatants were either removed or they were left on the cells. The first experimental 



approach would identi Cy whether eosinophils can bind to breast carcinoma cells and the 

second approach would determine if breast carcinoma cells release mediator(s) that can 

stimulate an increase in eosinophil adhesion on these cells. 

In experiments where the supernatant was removed, breast carcinoma celIs were 

washed once with warm HBSS and 250 ~1 eosinophils (2x lo6 eodml) were added to each 

we11 and incubated at 37OC. After 5.  LO or 15 minutes, each well was washed twice with 

warm HBSS to remove both non-adherent and loosely adherent eosinophiIs. Adherent 

eosinophils were counced using a microscope and NIH image. For each well, three 

nndom fields were counted and averaged. 

To determine whether breast carcinoma cells release mediators to increase 

eosinophil adhesion. cell lines were grown to confluence in 24weII plates and stimulated 

with 250 pi of either M199/A alone or 30 n$mI TNF-a for 24 hours. Supernatants from 

half of the control and TNF-a stimulated wells were removed, washed once and 250 p1 of 

0.5% HBSSiA was added to each welt. The other half of the control and TNF-a 

stimulated wells still contained the stimulation buffer. To each well, 250 p1 eosinophils 

(2x 106 eos/ml) were added and incubated for 37°C. After either 5, 10 or 15 minutes, each 

we11 was washed twice with warm HBSS to remove both non-adherent and toosety 

adherent eosinophils. Quantification of adherent eosinophils was performed in the same 

manner as above. 

To determine which adhesion rnolecuIes were playing a role in the adhesion 

between eosinophils and breast carcinoma cells, functional biocking antibodies were used 

against VCAM-1 (1.G1 LBI), ICAM-1, a- and Printegrins. AII antibodies were used at 

a final concentration of 5 pglmI. Breast carcinoma cells were pre-treated with VCAM-I 



and [CAM-1 mAbs for 15 minutes at 37OC. At the same time eosinophils (2x10~ eodml) 

were pre-treated with either CQ or br mAbs for 15 minutes at room temperature. 

Eosinophils were added in the sarne manner as above and incubated for 15 minutes at 

37°C. The remainder of the assay was carried out in the sarne manner as outlined above. 

2.2.8 ELISA kits 

Mediators released by TNF-u-stimulated breast carcinoma cells were identified 

by ELISA. Supernatants were harvested from breast carcinoma cells stimulated with 

M199IA or TNF-u for 24 hours and were then assayed by ELISA. Quantification of the 

mediator in the supernatant was determined by monitoring the conversion of a 

colormetric substrate. All manufacturer's instructions were followed. 

2.2.9 Eosinophil Static Adhesion Assay to Matrix Proteins 

This assay was used to determine if there are rnediator(s) present in the 

supernatants from breast carcinoma cells that could stimulate eosinophil adhesion to 

either gelatin or fibronectin. Either 24- or 48-well plates were coated with 0.2% gelatin 

or 25 pgml fibronectin for 2 hours at 37 OC. Wells were washed once with w m  HBSS 

and 225 PI eosinophils (1-2x10~ eostml) were added to each well. 25 pl of either conuoI 

or TNF-a stimulated breast carcinoma supernatants were added to the appropriate wells 

and plates were incubated for LO rnins at 37 OC. Wells were washed twice with warm 

HBSS and adherent eosinophils were quantified by assaying for eosinophil peroxidase 

activity (Hakansson er al., 1994). Background adhesion was quantified by using 

HBSS/A alone and 10-7 M fMLP served as a positive control. 

Various mAbs were used to pre-treat either eosinophils or breast carcinoma 

supernatants to determine if these receptors or mediators play a major rote in eosinophil 



adhesion on fibronectin. Supernatants were treated with 50 pg/ml of antibodies against 

MCP- 1, MCP-3, FUNES or eotaxin, These supernatants were diluted 1 :LO into the 

eosinophifs brin$ng the final concentration to 5 pg/ml. Eosinophils were treated with 50 

pgml of antibodies against a- and p2-integrins, CCR3 and CXCR3. 

2.2.10 Transmigration Assay 

A transmigration assay was used to establish if  breast carcinoma cells release 

chernotactic mediators for eosinophils, The membrane and plate of a 3 pm pore transwetl 

dish (Costar) was coated with 25 pgml fibronectin for 2 hours at 37OC. Either control or 

M - u  stimuiated breast carcinoma supernatants was added to the plate in a L: 10 dilution 

in HBSSIA and eosinophils (4x lo6 eos/rnl) were added to the pre-coated transwell. Cells 

were allowed to transmigrate for 90 minutes at 37 "C. Eosinophils that migrated through 

the membrane into the plate were counted manually with a hemocytomerer. HBSSIA was 

used as a negative control. 10" M fMLP served as the positive control and TNF-a done 

was the internal control. 

2.2.11 Superoxide Burst 

Supernatants from control and TNF-or-treated breast carcinoma supernatants were 

used to stimuiated eosinophils for varying times. Respiratory burst was determined by 

the ability of these activated eosinophils to reduce ferric m3) cytochrome c to the 

ferrous form (~e"). Ninety-six well plates were coated with 1% HBSSIA for a minimum 

of 2 hours at 37°C. A 2.4 mgml solution ofcytochrome c was made in a solution of 

HBSS suppiemented with LO mM HEPES. EosinophiIs were washed twice with warm 

HBSS and diluted to 0.5~10~ eodml in the cytochrome c solution. Half of this solution 

was mated with 40 pglmI of superoxide dismutase (SOD) which inhibits the superoxide 



anion from reducing cytochrome c. Each stimulus was paired with a SOD control. One 

hundred microliters of eosinophils + cytochrome c were added to each well followed by 

100 p1 of stimulus. Plates were read at 550 nm for 2 hours at 30 minute intervals. Plates 

were maintained at 37OC in the dark for the entire time course. Media alone served as the 

negative control and 10" M fMLP served as the positive control. The SpectraMax Plus 

(Molecular Devices) plate reader was used for all readings. The following equation was 

used to determine the nanomoles of cytochrome c reducedl lo6 cells. 

Beer-Lambert Law: A = ~ c b  

Where: A = Absorbance 

E = Extinction Coefficent 

c = Concentration 

b = Pathlength 

For cytochrome c: E = 2 1. lx lo3 ~rnol-'cm-' 

b for 200 p1= 0.497 cm 

AA = AT - AT4 

Final calculation: nmoles of cytochrome c reduced/lo6 cells = [19.1(A~ - Am)]  / 0.05 

Experiments were also performed to determine if TNFR 1 or CCR3 receptors were 

involved in the activation of eosinophils to release superoxide. Eosinophils were pre- 

treated with eicher an anti-human TNFRl blocking mAb (50 pglml), anti-human CCR3 

mAb (5 pg/ml) or an non-immune IgGl mAb (50 pg/ml) for 15 minutes. Pre-treated 

eosinophils were used in the same manner as described above. 



2.2.12 Gelatin Zymography 

The presence of gelatinases, MMP-2 and MMP-9, were determined using 

zymopphy. Briefly, eosinophils ( lx lo6 eosinophils) were stimulated with breast 

carcinoma supernatant for 30 minutes at room temperature in a 1: 10 dilution. Cells were 

centrifuged for 5 mins at 4°C. The supernatant was transferred to a new tube and non- 

reducing Laemmli's buffer was added to cell-free supernatants and the proteins were 

immediately separated on a 7.56 SDS-PAGE containing 1 mdml of gelatin. FolIowing 

electrophoresis, the gel was washed once in rinse buffer (50 rnM Tris, 10 rnM CaClr, lpM 

ZnCll and 2.5% Triton X-100) for 15 minutes and further incubated overnight in rinse 

buffer at room temperature. The gel was then rinsed with dHrO and incubated in reaction 

buffer (50 mM Tris, 10 m M  CaCiz and 1pM ZnClz) for 24 hours at 37OC. Findly. the gel 

was stained with Coomassie blue R-250 (2.5 mdml in 30% isopropanol and 10% acetic 

acid) for 4 hours and then destained in 10% isopropanol and 10% acetic acid until cIear 

bands were visible. Presence of gelatinases was determined by areas of the gel that were 

digested and therefore not stained with Coomassie blue. A Fluor-S-MAXM Multihager 

(Bio-Rad Laboratories, Hercules, CA) was used to visualize the gels and the images were 

then inverted to show dark bands on a clear background. Band intensities were analyzed 

by densitometry. 

2.2.13 Gelatinase Activity Assay 

A gelatinase activity assay kit was used to determine if eosinophils could secrete 

active MMP-2 andlor MMP-9 upon stimulation with breast carcinoma supernatants. This 

assay can accurateIy detect gelatinase activity to less than 5 ngirnl. All manufacture's 



instructions were followed. Briefly, the sample was mixed with a biotinylated gelatinase 

substrate and any active MMP-2. andlor MMP-9 would cleave and shorten the 

biotinylated gelatin molecules. A portion of this mixture was added to a biotin binding 

plate and ailowed to bind. A streptavidin-enzyme conjugate was added which woutd 

bind to the biotinylated gelatin molecules. Samples with no gelatiaase activity would 

produce an intense color indicating that there was no cleavage of the biotinylated 

geiatinase substrate. 

2.2.14 Activation of W - 9  

W ' s  can be activated by a number of different mechanisms. p- 

aminophenylmercuric acetate (APMA) was used to activate the pro-MMP-9 released 

from eosinophils. Eosinophils (1x10~) were stimulated for 30 mins with 2 ngmL TNF-a. 

Cells were pelleted and the supernatant transferred to a new tube. Half of this 

supernatant was activated by 0.5 rnM APMA for 1 hour at 37°C. Samples were 

resuspended in 1X laemeli's sample buffer and gelatin zymopphy was performed. 

2.2.15 MMP-9 Release from Adherent Eosinophils 

Eosinophils (1x10" were added to confluent monolayers of breast carcinoma cells 

stimulated with M199lA or TNF-a for 24 hours. Adhesion was performed in the 

presence and absence of supernatant. In experiments where the supernatant was 

removed, breast carcinoma cells were washed 4 times with HBSS and an equivalent 

amount of HBSSIA was added to each well. EosinophiIs were allowed to adhere for 2 

hours at 37°C- Cells were collected and pelleted. Supernatant was transferred to a new 

tube and gelatin zymognphy was performed. To determine whether adhesion molecule 

interaction was necessary for the MMP-9 release, blocking antibodies to a- mdlor Br 



integrins were used. Eosinophils were pre-treated with 50 pg/ml anti-&, anti-fJz or both 

for 15 minutes prior to the static adhesion assay. Antibodies were used in 10-fold excess. 

Samples were collected in the same manner as above. 

2.3 Statistics 

All experiments were performed at least three times, unless otherwise specified, 

and the data are presented as the mean + SEM of those replicates. Statistical differences 

between experimental groups were evaluated using either paired or unpaired Student's t- 

test. P values < 0.05 were considered significant. 



Chapter Three: Specific Aim 1 

Hypothesis: Breast carcinoma cells stimulated with cytokines will increase the 

expression of adhesion molecules on their surface. 

Objectives: 

1. To determine if TNF-a can upregulate the expression of adhesion molecules. 

1. To identify if eosinophils adhere to TNF-a-stimuIated breast carcinoma cells. 

3. Which adhesion molecules are responsible for eosinophil adhesion on breast 

carcinoma cells? 

3.1 Results 

Breast carcinoma cell lines express ICAM-1 and VCAM-I mRNA. In this 

study, four human breast carcinoma ceIl lines were examined under baseline conditions 

or after stimulation with TNF-a, since this cytokine has been previously shown to be 

found at breast tumor sites (Camp et al.. 1996, Lewis ef al., 1995: Wong er al., 1998). 

Treatment of breast carcinoma cells with TNF-cx did not cause a loss in cell viability, as 

assessed by trypan blue exclusion (data not shown). We first used RT-PCR to determine 

if these cells synthesized mRNA for various adhesion molecules. Stimulated cells were 

washed once and irnmediateiy lysed in TRlzoI reagent. Totd RNA was exuacted and 

reverse vanscription was performed. The cDNA was subsequentIy used in a PCR 

reaction where appropriate primer pairs were used. MDA-MB435S and MDA-MB-468 

cells both constitutively expressed high levels of mRNA for ICAM-1 (Figure 3.1). 

Stimulation with TNF-cr did not increase this expression (Figure 3.1). In contrast, BT-20 

and SK-BR-3 ceUs expressed only nomind levels of ICAM-1 under basetine conditions, 



but stimulation with TNF-cr for 21  hours dramatically increased mRNA expression 

(Figure 3. L). MDA-MB-468 cells also expressed high constitutive levels of mRNA for 

VCAM-1; whereas, dl of the other cell lines had only low levels of VCAM-1 message 

with TNF-u stimulation dramatically increasing expression (Figure 3.1). None of the cell 

lines examined showed clew M N A  expression for either P-selectin or E-selectin (data 

not shown). 

ICAM-I and VCAiMIl proteins are present in breast carcinoma cell lines. 

mRNA expression of these adhesion molecules led us to examine protein expression. In 

these experiments. cell lines were treated with buffer done or with buffer containing 

TNF-u for either 4 or 24 hours. The cells were then scraped and the Triton X-100 

soluble proteins were separated by SDS-PAGE and Western blotted using the appropriate 

mAbs. There was robust, constitutive expression of both ICAM- 1 and VCAM-1 in 

MDA-MB-435S and MDA-MB-468 cells but not on the other cell lines examined (Figure 

3.2)- Treatment of MDA-1W-435S and MDA-1MB468 cells with TNF-CY led to a slight 

increase in the expression of both [CAM-1 and VCAM-1 (Figure 3.2). Although BT-20 

and SK-BR-3 cells did show low level constitutive expression of mRNA for [CAM-1 and 

VCAM-1. neither protein was detected in these cell lines under control conditions (Figure 

3.2). Stimulation of these cells with TNF-CY for 24 hours dramatically induced the 

expression of both ICAM- t and VCAM-1 by BT-20 and SK-BR-3 celIs (Figure 3.2). 

These data represent the first description of VCAM-1 expression by tumor cell Iines of 

epithelial origin. 

VCAM-I and ICAM-I are present on the surjiace of breust cardnoma cells. 

Figure 3.2 shows that breast carcinoma cells can express constitutive or induced protein 



for ICAM-1 and VCAM-1; however, Western blots cannot ssess whether these proteins 

are present on the cell surface. This issue was addressed by using a modified ELISA 

technique to evaluate adhesion molecule surface expression. Similar to the Western 

blotting, both ICAM-L and VCAM-L were constitutively expressed on the surface of the 

MDA-MB435S cells (Figure 3.3A). Although Western blotting showed an increase in 

ICAM-I and VCAii-1 expression with TNF-u treatment, no significant change in the 

surface expression of these proteins was observed after TNF-a stimulation (Figure 3.3A). 

Neither [CAM-I or VCAM- 1 were constitutively expressed on the surface of BT-20 cells 

(Figure 3.3B). Instead there was a dramatic increase in the surface expression of both of 

these proteins when cells were stimulated with TNF-u (Figure 3.3B). These data were 

consistent with che Western blotting results. 

Many investigators have shown increased levels of soluble adhesion proteins 

present in the serum of patients with certain types of cancer as well as during other 

inflammatory diseases (Liu er al., 1998: Velikova er a/., 1997). This suggests that 

adhesion proteins can be released or shed, as opposed to exclusively being expressed on 

the cell surface after synthesis. The supernatants from these breast carcinoma cells were 

assayed by using either EUSA techniques or Western blotting. There was no evidence 

that either VCAM-1 or [CAM-1 was being releasedfshed from these cells (data not 

shown). 

Eosinophils bind to breast carcinoma cells. We next wanted to determine if 

these breast carcinoma cell lines were able to support eosinophil adhesion. Freshly 

isolated eosinophits were added to either control or TNF-a-treated carcinoma cells. After 

15 minutes the nonadherent and loosely adherent eosinophils were removed and the 



adherent eosinophils were counted using microscopy. Eosinophils constitutively bound 

both to MDA-hB-435S ceIls and to the surrounding matrix. Stimulation with TNF-u 

resulted in a modest, but significant increase in eosinophil adhesion (Figure 3.4A). In 

contrast, few eosinophils bound to unstimulated BT-20 cells (Figure 3.4B); however, 

there was a significant increase in eosinophil adhesion to BT-20 cells stimulated with 

TNF-u with virtually all adhesion occumng directly on the cells (Figure 3.4B). Ovedl, 

more eosinophils bound to MDA-MB43SS than BT-20 cells which could be due to the 

higher expression of ICAM-1 and VCAM-1 on MDA-MB435S cells. Thus eosinophils 

can bind directly to breast carcinoma cells. 

Eosinophil adhesion to MDA-MB435S cells requires eintegrins. We next 

used a series of blockins mAbs to identify the adhesion molecules involved in eosinophil 

adhesion to these cell lines. MDA-MB-435S cells were treated with buffer done or 

TNF-u for 24 hours and were then pretreated for 15 minutes at 37°C with 5 pglrnl of the 

specified mAbs directed against ICAM-1 or VCAM-L. Alternatively, eosinophils were 

incubated with cq-integnn rnAb or p2-integrin mAb for 15 minutes before addition to the 

cell monolayers. Adherent eosinophils were counted using microscopy. The anti-%- 

integrin mAb was the only antibody that alone reduced constitutive eosinophil adhesion 

to MDA-MB-435S cells (Figure 3.5A). Furthermore, an anti-cq-integrin mAb also 

blocked most eosinophil adhesion to TNF-a-stimulated MDA-MB-435s cells (Figure 

3.5B). A Pz-integrin mAb decreased adhesion to TNF-a-stimulated cells; however, 

neither ICAM-1 nor VCAM-I mAbs done had any effect on eosinophil adhesion (Figure 

3.5B). The lack of an effect of the anti-ICAM-1 and anti-VCAM-1 mAbs may reflect the 

observation that eosinophil adhesion was occurring both to the breast carcinoma cells as 



well as to the exposed matrix. Alternatively, both molecules may be required for optimal 

adhesion and blocking either one alone would have no effect on adhesion. 

Eosinophil adhesion to BT-20 cells requires eintegrins. We next examined 

the effect of these mAbs on eosinophil adhesion to BT-20 cells. Pretreatment of BT-20 

cells and eosinophils was carried out in the same manner as described above. Eosinophil 

adhesion on unstimulated BT-20 cells was not effected with antibody treatment (Figure 

3.6A). mAbs directed against either VCAM-1 or a-integrins both attenuated eosinophil 

adhesion to TNF-a-stimulated BT-20 cells, although inhibition was ,geater with the anti- 

&-integrin mAb (Figure 3.6B). ICAM-1 mAb had no effect on adhesion, despite high 

expression of ICAM-1 on these cells (Figures 3.6B and 3.3B), yet a pz-integrin mAb did 

decrease eosinophil adhesion however it  was not significant. These data suggest that 

eosinophils could be binding to B:-integrin ligands other than ICAM-1 or that eosinophils 

may need to be further activated, possibly by a chemokine, to effectively bind to ICAM-1 

expressed on the BT-20 cells. 



Time (hr): 0 24 0 24 0 24 0 24 

Figure 3.1. mRNA expression of adhesion molecules by breast carcinoma cells 

stimulated with TNF-cr. CeIl lines were treated with M199lA alone (Time: 0) or 
M199IA containing 20 ndmI TNF-cr for 34 hours (Time: 24). AAer the incubation, 
cells were lysed in TIUzol and total RNA was isolated. RT-PCR was performed as 
described in the methods. Experiments were performed at least three times with 
equivalent data. Representative data is shown. 



Figure 3.2. Adhesion molecuie expression by breast carcinoma cells. Cell lines were 

treated with b11991A alone (Time: 0) or MI 99/A containing 20 ndml T N F 4  for 4 or 24 
hours (Time: 4, 24). Atier the incubation, cells were lysed in triton X-100 containing 
but'fer and the soluble proteins were separated on SDS-PAGE. Western blotting was 
performed using 2 pgml of the specitied mAbs directed against P-selectin (GI), E- 
selectin (ES- I ), [CAM- I (BBA 4) or VCAIM- l ( I .G L I B 1). Experiments were 
performed at least three times with equivalent data. Representative data is shown. 



Figure 33.  VCABI-1 and ICUi-1 are expressed on the surface of breast 
carcinoma cells. (A) MDA-MB335S or (B) BT-20 cells were treated with TNF-cr as 
described in figure I. Cell surface expression of VCkM-1 or ICAM-I was determined 
using a modified ELISA as described in the methods. Data represent the mean k SEM 
of at least three experiments. * p< 0.05 as compared to control. 



Figure 3.4. EosinophiIs bind to breast carcinoma cells. Freshly isolated eosinophik 
(2x106/ml) were added to (A) MDA-MB435S or (B)  BT-20 cells treated with buffer 
alone or TNF-u as described in figure I. After 15 minutes, non-adherent and loosely 
adherent cells were removed and eosinophil adhesion was determined as described in 
the methods. Data represent the mean + SEM of at least three experiments. * p< 0.05 
as compared to control. 



Unstimulated TNF-u 24 hour 

A. Antibodies: B. Antibodies: 

Control Control 

Alp ha-4 P* 

- 

ICAM-I 
- 

VCAM-I 

Alpha-4 
- 

Figure 3.5. Eosinophil adhesion to MDA-MB435S requires u4integrins. MDA- 
MB435S cells were treated with (A) buffer alone or (B) TNF-a for 24 hours as 
described in figure I .  MDA-MB435S cells were pre-treated for 15 rnin. at 37'C with 5 
@mi of the specified mAbs directed against ICAM- I (BBA4) or VCAh4-1 ( I  .GI 1 B 1 ). 

Alternatively, eosinophils were pre-incubated with u4integrin mAb ( H Z I )  or $2- 
integrin mAb (7E4) for 15 rnin. prior to addition to the cell rnonolayers. Control 
describes eosinophil adhesion on MDA-MB-435S cells in the absence of antibody. 
Eosinophil adhesion was determined in the continued presence of the specified W b s  as 
described in the Methods. Data are mean + SEM of at least three experiments. 
ANOVA with a Bonfenoni correction was used to analyze the data. * p< 0.05 as 
compared to control. 
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Figure 3.6. Eosinophil adhesion to BT-20 cells requires a4integrins. BT-20 cells 
were treated with (A) buffer done or (B) TNF-cr for 24 hours as described in figure 1. 
BT-20 cells were pre-treated for 15 min. at 37°C with 5 p@ml of the specified mAbs 
directed against ICAM-I (BBA4) or VCAM-I ( I  .GI I B 1). Alternatively, eosinophils 

were pre-incubated with a4-integin r i b  (HZ\) or bZintegrin mAb (7E4) for 15 min. 
prior to addition to the cell monolayers. Control describes eosinophil adhesion on BT- 
20 cells in the absence of antibody. Eosinophil adhesion was determined in the 
continued presence of the specified mAbs rts described in the Methods. Data are mean 
f SEM of at least three experiments. ANOVA with a Bonferroni correction was used 
to analyze the data. * p< 0.05 as compared to control. 
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3.2 Discussion 

Eosinophils represent only a few percent of the peripheral blood leukacytes; 

however they are the predominant cell type found at sites of parasitic and allergic 

inflammation (Wardlaw et al., L995). It is now clear that eosinophils are also found in 

and around many types of tumors including breast, colon. gastric small cell and cervical 

carcinomas (Samoszuk, 1997). In vitro, eosinophils can enhance the tumoricidd activity 

of macrophages (Spessotto er al., 1995) and in vivo, eosinophil infiltration into some 

turnon is associated with improved prognosis (Goldsmith et al., 1992: Bethwai te er al., 

L993; Ownby es al., 1983; Iwasaki rt al., 1986). Despite the overwheIming data showing 

that eosinophils are associated with numerous types of cancer, Little is known about the 

molecular mechanisms required for localization of eosinophils to these sites. 

Several families of adhesion molecules are involved in the localization of 

eosinophits into sites of inflammation. Endothelial cells stimulated with either 

TNF-a (Kitayama er al., 1997) or L-4 (Patel. 1998) have increased expression of both 

selectins and Ig superfamily proteins that act to tether and firmly bind eosinophils to 

these surfaces. Once eosinophils are bound to the endothelium, directed localization of 

eosinophils into tumor sites likeiy involves the combined actions of chemoattractants and 

adhesion molecules present on tumor ceIIs themselves. Increased expression of selectins 

has been observed at tumor sites as compared to normal tissue samples; however, this 

expression is associated with the tumor endothelium (Fox et al., 1995; Charpin et al.. 

1998). In contrast, ICAM-1 is expressed both by the nunor endothelium as well as by 

tumor ceIIs themselves (Regidor et al., 1998; Mayer er ab, 1995; DippoId et ai., 1993). 

Increased expression of ICAM-1 has been seen in tissue sampIes of breast carcinomas 



and is associated with an improved prognosis (Ogawa et al., 1998). The mechanisms by 

which ICAM-1 expression leads to decreased tumor size are unknown, but may involve 

localization of leukocytes to the tumor. 

In this study we used several human breast carcinoma cell lines including MDA- 

MB435S, BT-20, SK-BR-3 and MDA-MB-468 to determine whether the expression of 

known adhesion molecules may result in eosinophil adhesion. All of the cell lines used 

in this study are adenocarcinomas of the breast. meaning that the tumors arose from 

glandular epithelial cells. The major difference between the four cell lines lies in their 

tumorgenicity. With MDA-MB135S as the exception, all the cell lines used are capable 

of forming tumors in nude mice. Morphologicdly, MDA-MB-435S also differ by 

growing in spindle shape, whereas the other cell lines form uniform monolayers. Finally, 

MDA-MB435S cells were derived from a metastatic ductal adenocarcinoma, whereas 

the other cell lines wen derived from malignant tumors. All of these cell lines are 

extensively used in breast cancer research and concentrating on the MDA-MB435S and 

BT-20 cell lines allowed us to identify the differences in adhesion molecule expression, 

cell activation and chemokine expression between these two characteristically different 

cell lines. 

The immune system is capable of responding to tumors. In breast cancer there is 

evidence of systemic, regional and intratumoral leukocyte activation which has been 

associated with a good prognosis (Wong er al., 1998). Human breast cancer sites are 

infiltrated by a heterogenous population of Ieukocytes, termed tumor-associated 

leukocytes (TALs) (O'SulIivan and Lewis, L994). Variable proportions of T cells, B 

cells, NK cells, macrophages (O'Sullivan and Lewis, 1994), neutrophils, eosinophils 



(Samozuk et al., 1996), fibroblasts and endothelial cells (Lewis et a!., 1995) have been 

identified to accumulate mostly within the stromal elements surrounding tumor islands 

and occasionally some of these cells are found within tumor nests (reviewed in 

O'Sullivan and Lewis, 1994). Numerous studies have attempted to find correlations 

between the composition of the tumor-infiltrating leukocyte population and prognosis of 

the patient which has unfortunilteIy not led to any predictable relationships (Wong et al., 

1998). T cells and macrophages have been identified as the major leukocyte subsets 

infiltrating breast tumor sites whereas natural killer and B cells are seldomly found. T 

cells can constitute between 30% and 50% of the total TAL population and macrophages 

can represent as much as 80% of the total TAL population (reviewed in O'Sullivan and 

Lewis, 1994). 

TALs can communicate with each other and with breast carcinoma cells through 

the release of cytokines and growth factors (O'SdIivan and Lewis, 1994). Measuring the 

secretion of cytokines is one method to determine the function of TALs. Using 

immunohistochemistry, C a p  and collegues demonstrated, in situ, that tumor-infiltrating 

lymphocytes (TILs) are able to produce IL-I, TNF-a, IL-4, TGF-01, IL- 10, IFN-y and 

GM-CSF (Camp et al., 1996). TILs associated with malignant breast tumors produced 

significantly more IL-2 and TNF-a than TILs associated with benign tumors (Camp et 

al.. 1996). Tumor-associated macrophages (TAMS) in breast cancer were shown to be 

the primary cell that contained immunoreactive TNF-a and 17.5% of invasive breast 

carcinomas investigated contained TNF-a (Lewis er al., 1995). A recent study looked at 

the intracellular cytokine profile of three different leukocyte populations from breast 

cancer patients. Tumor tissue, axillary lymph nodes and peripheral blood lymphocytes 



were examined and shown to synthesize type 1 cytokines including TNF-a, IFN-y and 

IL-2 following stimulation with PMA +calcium ionophore (Wong er al., 1998). It is 

apparent that the tumor microenvironment is under the influence of many different 

cytokines and these cytokines can have diverse effects on residing cells. 

We examined adhesion molecule expression before and after stimulation with 

TNF-a. TNF-a has many effects on tumors cells in virro including the induction of 

either necrotic or apoptotic cell death in some types of tumors. TNF-cr, along with IL-L 

and IL-6, has also been demonstrated to induce ICAM-1 expression on several types of 

epithelial tumors including breast carcinomas (Fox er al., 1995: Budinsky er al., 1997, 

Hutchins and Steel, 1994; Bajaj et al., 1993). In parallel experiments, VCAM-1 was not 

detected on these cells (Fox et al., 1995). 

RT-PCR. western blotting and cell surface ELISAs were used to examine 

adhesion molecules expression on several breast carcinoma cell lines. Two of the ceIl 

lines examined, MDA-MB435S and MDA-1MB-468, constitutiveiy expressed ICAM- i 

and VCAM-1 (Figure 3.2). This expression was enhanced following exposure to 

TNF-a The other cell lines exarnined only expressed these adhesion molecuIes 

foilowing stimulation with TNF-a. Although ICAiM-1 expression was expected based 

on previous studies, the expression of VCAM-1 was not expected. Using RT-PCR we 

amplified a band for VCAM-1 at the expected size (1043 bp). Since mRNA levels do not 

always correlate with protein expression, we also performed western blots and detected a 

protein with a molecular weight of=llOkD. One explanation for the differences between 

our data and others who have examined VCAM-1 protein expression may lie in the 



irnmunogenicity of the VCAM-1 expressed by breast carcinoma cells. This may be due 

to either differential splicing or post-translational modifications of VCAM-1. VCAM- 1 

can be alternatively spliced resulting in either a 6 domain or 7 domain form of the 

molecule in endothelial cells (Osborn et al., 1992). We found evidence for this type of 

splicing with VCAM-1 expressed by MDA-MB-435s cells by western blotting whete a 

doublet was clearly observed (Figure 3.2). Furthermore, Abe et d. have demonstrated 

that endothelial ceIls treated with a combination of IL4 and TNF-u express VCAM-I 

based on western blotting and ELISAS, but this VCAM-1 does not recognize its ligand on 

circulating T-cells (Abe er ai., 1996). To further support his hypothesis, we found that 

only one of three commercially available mAbs to VCAM-1 recognized the molecule 

expressed on breast carcinoma cells. whereas, all three recognized VCAM-1 present on 

TNF-cr stimulated endothelial cells (data not shown). 

Breast carcinoma cells bind eosinophils through interactions with cq-integrins. 

Adhesion to BT-20 cells was in part due to interactions between Q-integrins and VCAM- 

1, whereas, a- and fit-incegrins were responsible for adhesion to MDA-MB-435s cells. 

The a-integrins also seemed to be involved in eosinophil adhesion on control MDA- 

MB435S since adhesion was significantly reduced. Interestingly, we found that 

eosinophils could also bind to the exposed matrix of MDA-MB435S cells. Adhesion on 

control BT-10 cells was minimal and no effect was seen with any of the antibodies used. 

Assuming that the a-integrins were binding to VCAM-1 on the surface of breast 

carcinoma cells, it is interesting to note that aVCAM-1 antibody had no effect on 

reducing eosinophil adhesion on MDA-MB435S cells when an Q mAb did There are a 



number of possible explanations for these observations. One explanation could he that 

the Q-integrins were binding to other ligands than VCAM-1, therefore blacking VCAM- 

L wouldn't inhibit eosinophils adhering to another ligand. Eosinophils express both 

and 0$7 on their surface. Both can bind to VCAM-1 and MAdCAM-1, however is 

the primary receptor for VCPuM-1 and primarily binds to MAdCAM-1. There are 

no reports in the literature stating that MAdCAM- 1 is expressed on breast carcinoma 

cells, however it is possible that c467 on eosinophils could be binding to MAdCAM-1. 

Fibronectin released by breast carcinoma cells could also potentially be another ligand for 

both cclBl and c4fl-r. In addition, osteopontin. a secreted bone matrix protein, has been 

shown to be a ligand for (Bayless et al., 1998). Osteopontin can be produced by 

mammary epithelial cells and the presence of this protein has been shown to increase 

invasiveness of mammary epithelial cell lines through Matrigel (Tuck er al., 1999). 

Another possible explanation for this observation is that the VCAM-1 antibody 

used was not blocking the binding site. The VCAii-I antibody used in these assays was 

purchased from Serotec and the epitope in which the antibody binds to is unknown. 

However, according to the manufacturer and previous antibody blocking studies done in 

our laboratory, this antibody blocks cellulat adhesion. As mentioned earlier, we have 

reason to betieve that the VCAM-1 expressed by breast carcinoma celIs is somehow 

modified From VCAM-1 expressed on HITVEC, therefore it is possible that either domain 

1 andlor domain 4 is left exposed after antibody treatment. The other two antibodies 

against the Q- and printegrins are known to block adhesion to their respective ligands 

(Schiffer et al., 1995; Nortamo et al., 1988) and as predicted were functioning pmperly. 



The expression of adhesion and activation molecules by breast carcinoma cells 

may provide a mechanism for localizing eosinophils to tumor sites. Once locdized at 

these sites, the role for eosinophils is unclear. There are several studies that suggest that 

eosinophil tumor infiltration is associated with improved prognosis (Goldsmith er al., 

1992; Bethwrtite er al., 1993; Ownby et al., 1983: Iwasaki et al., 1986). There are an 

equd number of studies showing either no role for eosinophils or an association with a 

poor prognosis (Leighton er al., 1996; Fisher er al., 1989; van Driel er al., 1996). 

Recently it has been suggested that eosinophils may not play a direct role in tumor cell 

clearance. but may instead participate in tissue remodeling (Samoszuk, 1997; Kadin et 

al., 1993). Eosinophils can synthesize cytokines, growth factors and proteases that are 

associated with both tissue remodeling and angiogenesis. These include transforming 

growth factors-a and -Sl (Elovic er al., 1998; Minshdl er al., 1997: Eisma er al., 1997). 

vascular endothelial cell growth factor (Horiuchi and Weller, 1997), and matrix 

metalloprotease-9 (Okada er al., 1997; Ohno et al., 1997). Thus, the role of eosinophils 

in tumor biology may be directed less toward direct tumoricidal activity and more to 

modulation of the tumor microenvironment. 

3.3 Future Directions 

Investigating other adhesion molecules on the surface of breast carcinoma ceI1s 

would be of interest in understanding how eosinophils can bind to these cells. 

1MAdCAM-I, [CAM-2, -3,4, -5 and osteopontin are all potential ligands for eosinophi1s 

which wamnt investigation. It would also be interesting to see if there was a difference 

in adhesion molecule expression between tumorgenic (BT-20) and non-turnorgenic 

(MDA-Ml3-435s) cancer cells. Further antibody blocking studies using a combination of 



domain 1 and domain 3 antibodies against ICAM-I would be useful in determining the 

role of LFA-1 versus Mac-i in eosinophii adhesion to breast carcinoma cells. 

In this study we investigated the effects TNF-cr had on breast carcinoma cells, 

however there are a number of other cytokines identified within the tumor 

microenvironment such as L - 2  and IFN-y that would be interesting to investigate. The 

tumor environment is a very complex network of various cytokines and we have just 

scratched the surface of the effects one cytokine, TNF-a, has on breast carcinoma cells. 

In the future, it would be interesting to examine the possible effects that a combination of 

cytokines would have on breast carcinoma cells. 



Chapter Four: Specific Aim 2 

Hypothesis: Breast carcinoma cells stimulated with TNF-cr will release eosinophil 

specific chemoattractants and activators. 

0 bjecrives: 

1. Do TNF-a-stimulated breast carcinoma cells release eosinophil activators 

and/or chemoattractants? 

2. Do breast carcinoma ceIls release mediator(s) that can stimulate an increase in 

eosinop hil adhesion co these cells? 

3. Can these mediator@) cause a superoxide burst in eosinophiIs? 

4. Characterize and identify the activators andlor chernoatmctmts released by 

W-a-stimulated breast carcinoma cells. 

5. Cm breast carcinoma supernatants induce the expression of chemokine 

receptors not normally found on eosinophils? 

4.1 Results 

Both MDA-MB435S and BT-20 eel& stimuhted with TNF-arelease eosinophil 

activator(s). Deposition of eosinophil *mule proteins at tumor sites suggests that 

mechanisms exist not only for eosinophil adhesion, but dso for their activation 

(Samoszuk er al., 1996: Samoszuk et al., 1986). Furthermore, the observation that 

eosinophits were adhering both to MDA-MB-435s cells as well as to the exposed matrix 

suggested a role for eosinophil activators. This issue was addressed by harvesting the 

supernatants from either MDA-MB435S or BT-20 cells treated with buffer alone or 

treated with TNF-a, then determining if there was a mediator in these supernatants that 



could increase eosinophil adhesion to either gelatin- or fibronectin-coated surfaces. 

These surfaces were used to assess increased adhesiveness of the f12-integrins or the a- 

integrins, respectively. Freshly isolated eosinophils were added to plates coated with 

gelatin or fibronectin. Eosinophils were then stimulated with a 1: 10 dilution of 

supernatants from conuol or TNF-a-treated breast carcinoma cell lines. 

Supernatants from 24-hour TNF-a-treated, but not control-treated, MDA-MB- 

4355 cells increased eosinophil adhesion to fibronectin with little increase in binding to 

geIatin (Figure 4. IA). This was not because of the presence of TNF-a alone as neither 

TNF-a alone (Figure 4.2) nor the 4-hour TNF-a supernatant increased eosinophil 

adhesion in this assay (Figure 4.LA). As expected, an anti-Q-integrin mAb blocked 

eosinophil adhesion to fibronectin (Figure 4.3) and a brintegrin mAb had no effect on 

adhesion (data not shown). Thus, MDA-MB435S cells constitutively express adhesion 

proteins on their surface and can bind eosinophils, but only after stimulation with TNF-u 

for 24 hours do these cells release mediator(s) that can activate eosinophils. 

We extended these experiments to examine the supernatant from BT-20 cells both 

before and after TNF-a stimulation. Unlike the MDA-MB-435s cells, the supernatants 

from BT-20 cells treated with TNF-a increased adhesion to both gelatin and fibronectin 

(Figure 4.1B). InterestingIy, supernatant from both the 4-hour and the 24-hour TNF-a 

supernatants were able to increase eosinophil adhesion on fibronectin; whereas only the 

24-hour supernatant had pro-adhesive effects on gelatin (Fi,oure 4.1B). As with the 

supernatants from MDA-MB435S. an anti-a-integrin mAb blocked adhesion to 

fibronectin (Figure 4.3). In addition, an anti-$2-integrin mAb blocked most adhesion to 



gelatin (Figure 4.4). These data suggest that mediators released from BT-20 cells 

activate both the a- and P2-integrins on eosinophils promoting adhesion to both gelatin 

and fibronectin, whereas mediators released from MDA-MB-435s cells only activate the 

Q-integrins promoting adhesion only to fibronectin. 

Breast carcinoma cells release eosinophil chemoattractant(s). Knowing that 

breast carcinoma cells can release mediator(s) that promote binding of eosinophils to 

matrix proteins we next wanted to determine if the mediator(s) present in the supernatants 

were also chemotactic for eosinophils. We used an eosinophil transmigration assay to 

address this issue. Eosinophils were placed in the upper chamber of a transwell plate that 

was precoated with fibronectin. Supernatant from control or TNF-u-treated cells was 

diluted 1: 10 and placed in the lower chamber. Supernatants from buffer-treated cells had 

no effect on eosinophil transmi_ption (Figure 4.5). In contrast, supernatants from both 

MDA-MI3 -435s and BT-20 cells treated with TNF-a elicited eosinophil transmigration 

(Figure 4.5). TNF-a alone at the same concentration present in the diluted supernatant (2 

ng/mt) induced only minimal transmigration (Figure 4.5). Thus supernatants from TNF- 

a-stimulated breast carcinoma cells contain eosinophil chemotactic factors. 

BT-20 cells stimulated with TNF-a releuse activators that increase eosinopltil 

adhesion to BT-20 tens. heviously, we performed static adhesion assays in the absence 

of breast carcinoma supernatant, which allowed us to determine if eosinophils were 

capable of binding to breast carcinoma cells. Since breast carcinoma cells can support 

eosinophil adhesion and knowing that there are eosinophil activator(s) present in breast 

carcinoma supernatants, we next wanted to determine if the presence of breast carcinoma 

supernatants in static adhesion assays would effect eosinophil adhesion. We performed a 



time course for eosinophil adhesion on both control and TNF-a-stimulated breast 

carcinoma cells in the presence or absence of supernatant. In the absence of supernatant, 

a significant increase in eosinophil adhesion was seen on RiF-u-stimulated MDA-MB- 

435s cells at 5 and 15 minutes compared to control (Figure 4.6A). Static adhesion assays 

performed in the presence of supernatant did increase eosinophil adhesion at the 5 minute 

time point compared to the 5 minute time point without supernatant (Figure 4.6). 

However, there wasn't a significant increase in eosinophil adhesion between control and 

TNF-u-stimulated cells in the presence of supernatant at each time point (Figure 4.6B). 

With the BT-20 cells, there was low eosinophil adhesion in the absence of supernatant 

with a significant increase on TNF-u-stimulated cells at 15 minutes (Figure 4.7A). 

Interestingly, eosinophil adhesion on TNF-U-stimulated cells dnmaticaily increased in 

the presence of supernatant (Figure 4.7B). Adhesion on control cells in the presence of 

supernatant was maintained at the same level throughout the time course (Figure 4.7B). 

These data suggests that BT-20 cells release eosinophil activator(s) upon TNF-a 

stimulation, significantly increasing eosinophil adhesion on these cells. However, there 

was little or no increase in eosinophil adhesion on MDA-MB435S cells in the presence 

of supernatant. 

Supernatant from TNF-&stimulated breast carcinoma cells induces the 

generation of superoxidefiom eosinophils. The ability of breast carcinoma supernatants 

to induce a superoxide burst in eosinophils was measured by the ability of these activated 

eosinophils to reduce ferric ( ~ e ' ~ )  cytochrome c to the ferrous form (~e"). Supernatants 

from control and TNF-a-treated breast carcinoma supernatants were used to stimulated 

eosinophils for varying times. Supernatant from control BT-20 celIs induced more 



superoxide than supernatant from control MDA-MB-435s whose superoxide genention 

was comparable to the negative conml, RPMI (Fi,oue 4.8A and 8). Both MDA-MB- 

435s and BT-20 supernatants from TNF-a-stimulated cells produced more superoxide 

than equivalent amounts of TNF-cc (Figure 4.8B). BT-20 supernatant induced more 

superoxide production from eosinophils than the MDA-MB435S supernatant. These 

data show that eosinophils stimulated with breast carcinoma supernatants are stimulated 

to produce superoxide. 

Since TNF-cc alone could elicit some superoxide we next wanted to determine if 

the superoxide genention was due to the TNF-u in the supernatant. We used a TNFR1 

mAb to see if superoxide could be blocked by inhibiting signals through TNFRl. 

Antibody inhibition assays were performed using supernatants from both cells lines. 

however data from the MDA-MB335S cell line was inconsistent and therefore not 

reported. Before the superoxide assay, eosinophils were pre-treated with 50 pg/rnl IgG 

mAb or 50 pg/ml TNFRl rnAb The concentrations used for TNFRl was based on 

manufacturer's recommendation. The non-immune lgG rnAb had no effect on superoxide 

production from eosinophils (Figure 4.9). Superoxide production was attenuated when 

eosinophils were pre-treated with a TNFRI rnAb (Figure 4.10). The TNFRl antibody 

could not lower superoxide production to conml levels, suggesting that there are other 

mediators in the supernatant activating the eosinophils. 

Breast carcinoma cells express mRNA for both CC and CXC chemokines. RT- 

PCR was used to begin the search to identify the eosinophil activators released by breast 

carcinoma cells. Chemokines are small rnolecu1a.r weight chemical messengers that can 

activate eosinophils and cause a rise in intracellular cdcium due to receptor activation. 



Chemokines are also known to create chemotactic pdients that can localize eosinophils 

to specific sites. Expression of both CC and CXC chemokines were under investigation. 

Confluent breast carcinoma cells were stimulated with buffer alone or TNF-u for 24 

hours and RT-PCR was performed with the appropriate primers. Both MDA-MB-435S 

and BT-20 cells constitutiveIy express mF2NA for MCP-1 and MIP-La with some 

induction after stimulation with TNF-ct (Figure 4.1 LA). There was no message for MCP- 

3 in MIA-MB435S cells, however there was message present in TNF-a-stimuIated BT- 

20 cells. MCP-4 mRNA was increased after TNF-u stimulation in both cell lines. 

Surprisingly. there was little to no expression of eotaxin, eotaxin-2 or eotaxin-3. Even 

though faint. there was a small induction of RANTES upon TNF-u stimulation. 

Interestingly, abundant IL-8 message was present in both cell lines (Figure 

4.1 LB). Gro-cc PF-4 and MIG mRNA levels were present at constant levels under 

control and TNF-u conditions. A strong IP-10 message was induced under TNF-a 

stimulation, which was apparent in both cell lines. Message for either SDF-1 or ENA-78 

was absent. 

In summary, for the CC chemokines MCP- I ,  MCP-3, MCP 4 and MIP- la mRNA 

was present in both cell lines and lL-8, Gro-a, PF-4, MIG and IF- LO message was present 

for the CXC chemokines. Similar chemokine profiles were found between MDA-MB- 

4353 and BT-20 cells. The only difference that could be made was the increased 

message for MCP-3 and MCP-4 in BT-20 cells upon TNF-u stimulation (Figure 4.1 1A). 

RANTES, MCP-I and 1L8 are released by TNF-astimuluted bremt carcinoma 

cells. The presence of message does not always correlate with protein expression, so we 

used €USA's to determine the presence and quantity of various chemokines in the 



supernatant of control and TNF-a stimulated breast carcinoma cells. We found that 

supernatants from TNF-a-stimulated MDA-MB435S and BT-20 cetIs contained 

RAVTES, MCP-l and IL-8 (Figure 4.12). There was approximately the same mount of 

RANTES in TNF-u supernatants from both cell lines (Figure 4.12A). Under the 

influence of TNF-u, MDA-MB435S cells secrete approximately 95 ngml MCP-1, 

whereas BT-20 cells only secrete about 10 ng/ml 4.12B). Of the chemokines for 

which we performed ELISA's, IL-8 was released in the most abundant amount. LMDA- 

MB-435S cells stimulated with TNF-a released about 260 ngml of U-8 and BT-20 cells 

reieased 155 ng/ml (Figure 4.12C). Even control BT-20 cells released 15 ng/mI IL-8. 

We also assayed for other chemokines and neither eotaxin, MCP-3 or MIP-lu was 

released by these breast carcinoma cell lines (data not shown). Eosinophils also express 

receptors for lipid mediators such as leukotriene B4 (LTB4): there however was no LTBj 

present in the supernatants (data not shown). 

The ability of breast carcinoma cells to release TNF-u was also under 

investigation. Breast carcinoma cells were stimulated with 20 ng/ml TNF-ff for 24 hours. 

Supernatants were collected and subsequently assayed for TNF-a by ELISA. Breast 

carcinoma cells stimulated with TNF-cr did not release more TNF and in fact there was a 

reduction in the amount of TNF-a present in the supernatants (Figure 4.13). Control 

supernatants were also assayed and there was little TNF-u present (data not shown). 

mAb's against RANTES and IL8 attenuates eosinophil adhesion on 

Jibronectin. To determine whether RANTES, MCP- 1 or IL-8 present in the supernatant 

was participating in eosinophil activation, we examined the ability of rnAb's against these 

chemokines to block eosinophil adhesion to fibronectin. Supernatants were pre-treated 



with rnAb's against RANTES. MCP-i or IL-8 for I5 minutes. Eosinophil static adhesion 

on fibronectin was carried out as previously described. An anti-RANTES antibody was 

able to attenuate eosinophil adhesion in response to both MDA-MB43SS supernatants 

(23% inhibition) and to BT-20 supernatants (36% inhibition) (Figure 4.14A). An anti- 

MCP-1 antibody decreased adhesion with supernatants from TNF-cc-stimulated MDA- 

MB-435S cells however the MCP- 1 rnAb had no effect on adhesion with BT-20 

supernatant (Figure 4.14B). Interestingly, pre-treatment of TNF-a MDA-MB-435s 

supernatant with an L-8 anti body reduced eosinophil adhesion on fibronectin by 63% 

(Figure 4.14C). However. eosinophil adhesion was only reduced by 24% with 

supernatant from TNF-u-stimulated BT-20 cells (Figure 4.14C). Pretreatment of 

eosinophils with an anti-CXCR3 mAb had no effect on adhesion on fibronectin (data not 

shown). lMLP was used as a positive control and any inhibition in eosinophil adhesion 

seen with fMLP was deemed non-specific. 

Blocking CCR3 attenuates superoxide generation from eosinophils stimulated 

with supernatant from TAW-astimufated BT-20 cells. With the identification of 

RANTES in the supernatant of TNF-a stirnutaced breast carcinoma cel ts we wanted to 

examine the effect a CCEU mAb would have on superoxide production in eosinophils. 

R A i i S  can bind to four receptors, CCRI, CCR3, CCR-4 md CCR-5. Eosinophils 

express CCRI and CCR3 on their surface and since there isn't a CCR1 rnAb available, 

we only looked at the effects a CCR3 rnAb would have on superoxide production. 

Before the superoxide assay, eosinophils were pre-treated with 5 pg/ml CCR3 mAb. 

Pretreatment with a CCR3 mAb attenuated superoxide burst from eosinophils stimulated 

with supernatant from TNF-u stimulated BT-20 cebs (Figure 4.15). 
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Figure 4.1. Both MDA-MB-435s and BT-20 cells release eosinophil activator(s). 
Supernatant were collected from either (A) MDA-MB435S or (B) BT-20 cells treated 

with buffer alone or treated with TNF-a for 4 or 24 hours. 48-well plates were coated 

with either 0.2% gelatin or 25 p@ml fibronectin (FN) for 2 hours at 3 7 ' ~ .  Plates were 
washed once with HBSS and then freshly isolated eosinophils (1-2xl0~/ml) were added. 
Eosinophiis were stimulated with a 1: 10 dilution of the specified supernatants. After 10 
minutes, the non-adherent and loosely adherent eosinophils were removed and adhesion 
was quantified using as eosinophil peroxidase activity assay as described in the methods. 
Data are mean + SEM of at least three experiments. *p<O.OS as compared to control. 
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Figure 4.2. T N F a  alone does not increase eosinophil adhesion on fibronectin. BT-20 
cells were treated with either buffer done or with various concentrations of TNF-u and 
supernatants were collected after 24 hours. Plates were coated with 25 pglml fibronectin 

for 2 hours at 3 7 ' ~ .  Plates were washed once with HBSS and then freshly isolated 
eosinophils (?x 1 06iml) were added. Eosinophiln were stimulated with a 1 : 10 dilution of 
either TNF-u alone or supernatants coltected from BT-20 cells. Afler 10 minutes, the 
nonadherent and loosely adherent eosinophils were removed and adhesion was quantified 
using eosinophil peroxidase activity as descnied in the methods. Data are mean k SEM of 
three experiments. *p<O.OS and **p<Q.OOS as compared to control. 



Figure 4.3. Breast carcinoma supernatants activate eosinophil a4integrins. 
Eosinophils (I-2r10~1rnl) were added to 48- or 24-well plates coated with 25 pg/ml 
tibronectin. Supernatants from 24 hour mT-a stimulated MDA-MB-435s or BT-20 cells 
were added in a 1:10 dilution. Eosinophils were pretreated with 2 p@ml of an anti-a4- 
i n t e e n  mAb for 10 minutes prior to stimulation. Adhesion was determined by eosinophil 

peroxidase assay as described in the methods. HBSS/A or 1 0 - l ~  &lLP were used as 
negative and positive controls for eosinophil adhesion. Data represent mean f SD. 



Figure 4.4. BT-20 supernatants activate eosinophil B2-integrins. Eosinophils (1- 
?x10~/tnl) were added to 48- or 2Cwell plates coated with 0.2% gelatin. Supernatants 

from 24 hour TNF-u stimulated BT-20 cells were added in a 1:lO dilution. Eosinophils 
were pre-treated with 5 pgml of an anti-02-integrin mAb for 10 minutes prior to 
stimulation. Adhesion was determined by eosinophil peroxidase assay as described in 
the methods. HBSS/A or 10-'bl fMLP were used as negative and positive controls for 
eosinophil adhesion. Data represent mean k SD. 
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Figure 4.5, Breast carcinoma cells release eosinophil chemoattractant(s). 
Supernatants From either MDA-MB435S or BT-20 cells treated with buffer alone or 

TNF-u For 4 or 24 hours were collected. Freshly isolated eosinophiis (4~10~iml) were 
added to the upper chamber of a 3 pm-pore transwell dish coated with 25 pgml of 
tibronectin. Supernatants were placed in the lower chamber at a 1:IO dilution. 

M199iA or M199iA with an equivalent amount of TNF-a was used as controls 
(Control). Eosinophils that had miwerated into the lower chamber after 90 minutes were 
counted as described in the methods. Experiments were performed twice with 
equivalent data. Data represent the mean f range of a single experiment. 
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Figure 4.6. Conditioned supernatant has no significant ewect on eosinophil 
adhesion to MDA-MW3SS cells at various time points. MDA-MB-435s cells were 

stimulated with either buffer alone or 20 n@ml TNF-a for 24 hours. (A) Supernatants 
were either removed or (0) left in the well during the assay. Freshly isolated 
eosinophils (~x10~/rn l )  were added to each well and incubated for either 5, 10 or 15 
minutes at 3 7 ' ~ .  Loosely and nonadherent cells were washed away and adherent 
eosinophils were visualized by microscope and counted by NM Image. Data represent 
the mean + SEM of at least three experiments. *p<O.OS as compared to control. 
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Figure 4.7. Conditioned supernatant increases eosinophil adhesion to BT-20 breast 
carcinoma cells at various time points. BT-20 cells were stimulated with either buffer 

alone or 20 nglml TNF-a for 24 hours, (A) Supernatants were either removed or (B) 
left in the well during the assay. Freshly isolated eosinophils (h10~1ml) were added to 
each well and incubated for either 5, I0 or 15 minutes at 3 7 ' ~ .  Loosely and 
nonadherent cells were washed away and adherent eosinophils were visualized by 
microscope and counted by NIH Image. Data represent the mean k SEM of at least 
three experiments. *p<O.O5 as compared to conrrol. 
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Figure 4.8. Breast carcinoma supernatant can stimulate superoxide burst in 
eosinophils. MDA-MB45S and BT-20 breast carcinoma cells were stimulated with 

either RPMUA or 20 ngmt TNF-cc in RPMVA for 24 hours. 96-well pIates were coated 

with 1?4 HBSSiA for 2 hours at 37OC. Plates were washed twice with HBSS and then 
Freshly isolated eosinophils resuspended in 2.4 m@mI cytochrome c (0.5x10~/ml) were 
added. The appropriate stimulus was added in a 1:2 dilution and absorbance readings 
were taken at 30 minute intervals for 2 hours at 550 nm. (A) RPMI done and ~ O ~ M  
EMLP served as the negative and positive controls, respectively. Data are mean k SEM 
of at least three experiments. 
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Figure 1.9. Adding a non-immune IgG mAb bas no effect on superoxide 
production from eosinophils. BT-20 breast carcinoma cells were stimulated with 

either RPMYA or 20 nglrnt TNF-a in RPMVA for 24 hours. 96-we11 plates were coated 

with 1% HBSSJA for 2 hours at 37'C. Eosinophits were pre-treated with 50 pg/ml IgG 
mAb for 15 minutes. 96-well plates were washed twice with HBSS and pretreated 

eosinophiis resuspended in 2.4 mglml cytochrome c (0.5x10~/ml) were added. The 
appropriate stimulus was added in a 1:2 diIution and absorbance readings were taken at 
10 minute intervals until 30 minutes passed and then readings were taken at 30 minute 
intervals for the remaining 2 hours at 550 nm. Data are mean k SEM of at least three 
experiments. 
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Figure 4.10. Blocking TNF receptor 1 significantly reduces superoxide burst in 
eosinophils stimulated with supernatant from TNFa stimulated BT-20 cells. BT- 
20 breast carcinoma ceIIs were stimulated with either RPMUA or 20 ndml TNFd in 

RPMUA for 24 hours. 96-well plates were coated with I% HBSSlA for 1 hours at 3 7 ' ~ .  
Eosinophils were pre-treated with 50 p@ml RIFR1 rnAb for 15 minutes. 96-well ptates 
were washed twice with HBSS and pretreated eosinophils resuspended in 2.4 rng/ml 

cytochrwne c (0.5xlo6/ml) were added. The appropriate stimuius was added in a I:? 
dilution and absorbance readings were taken at 10 minute intervals until 30 minutes 
passed and then readings were taken at 30 minute intervaIs for the remaining 2 hours at 
550 nm. Data are mean& SEM of at Ieast three experiments. 
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Figure 4.11. Breast carcinoma cells express m k i A  for both CC and CXC 
chemokines. MDA-MB-435s and BT-20 breast carcinoma cells were either treated 

with M199lA alone (Con) or 20 ng/ml M a  (TNF) for 24 hours. Cells were lysed 
with TRIzol and RT-PCR was performed, Expression of (A) CC chemokines and (B) 
CXC chemokines were investigated. Each primer pair was used at least three times. 
Representative data is shown, 
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Figure 4.i2. RAIPITES, MCP-I and LL-8 are released by T N F a  stimuIated breast 
carcinoma cells. Supernatants fiom MDA-MB-435s or BT-20 ceIls were collected as 
descnied in figure IO.  (A) RANTES, (Bj MCP-I and (C) IL-8 were present in the 

supernatants of TNF-a stimulated breast carcinoma cells. Chemokines were assayed by 
ELISA according to the manufacturer's instructions. Data represent the mean f SEM of 
at Ieast three experiments. 
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Figure 4.13. Breast carcinoma cells stimulated with TW-a do not release more 
TNF. Breast carcinoma cells were stimulated with 20 ng/ml TNF-a for 24 hours. 
Stimulation buffer and supernatant from MDA-MB-435s and BT-20 were coltected and 
assayed for TNF-a by ELISA. A11 manufacturer's instructions were followed. Data are 
presented as % Input which was calculated by dividing the amount of RIF present in 
the supernatant by the amount of TNF in the stimulation buffer. Data are representative 
of at least three experiments (meadEM).  
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Figure 4.14. MAb's against RANTES and IL-8 attenuates eosinophil adhesion on 
fibronectin. Supernatants were colleced as previously described. Supernatants were pre- 

treated with 50 pdml of mAb's against (A) RANTES, (B) MCP-I and (C) LL-8 for 15 

minutes. Eosinophils (1-2x10~1ml) were added to a 48-well coated with fibmnectin and pre- 
treated supernatants were added in a 1: I0 dilution. Plates were incubated for 10 minutes at 
3 7 ' ~ .  Non-adherent and loosely adherent eosinophils were removed and adhesion was 

quantified using an eosinophil peroxidase activity assay. Results fiom TNF-a stimulated 
supernatants are included in the figure. Percent control was calculated by dividing eosinophil 
adhesion with antibody by adhesion without antibody. Data are mean + SEM of at least 
three experiments. *p<0.05 and **p<0.005 as compared to fMLP. 
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Figure 4.15. Blocking CCR3 attenuates superoxide generation from eosinophils 

stimulated with supernatant from TNF-a stimulated BT-20 cells. BT-20 breast 
carcinoma cells were stimulated with either RPMYA or 20 ndml TNF-a in RPMUA for 

24 hours. 96-well plates were coated with 1% HBSSIA for 2 hours at 37'~. Easinophils 
were pre-treated with 5 pg/ml CCR3 m4b for 15 minutes. 96-well plates were washed 
twice with HBSS and pretreated eosinophils resuspended in 2.4 m g M  cytochrome c 

(0.5x10~lrnl) were added. The appropriate stimulus was added in a 1:2 dilution and 
absorbance readings were taken at 10 minute intervals until 30 minutes passed and then 
readings were taken at 30 minute intervals for the remaining 2 hours at 550 run. Data 
are mean + SEM of at least three experiments. 



4 2  Discussion 

The effects of TNF-u on breast carcinoma cells and their ability to activate 

eosinophils were under investigation. Our studies demonstrated that breast carcinoma 

cells release both eosinophiI activators and chemoattractants. Also, the mediators present 

in the supernatant from TNF-cc-stimulated breast carcinoma cells induced the generation 

of superoxide from eosinophils which was attenuated by either an antibody against 

TNFRl or CCR3. We also showed that both MDA-MB435S and BT-20 cells release 

RANTES. MCP-1 and IL-8 upon TNF-a stimulation and that antibodies against 

RANTES and IL-8 attenuated eosinophil adhesion on fibronectin. 

Static adhesion assays on gelatin and fibronectin allowed us to determine that 

breast carcinoma cells release eosinophil activators. Supernatant from MDA-;MB435S 

cells stimulated with TNF-u for 24 hours increased eosinophil adhesion on fibronectin 

and not gelatin (Figure 4.IA). However, supernatant from BT-20 cells stimulated with 

TNF-u for 24 hours significantly increased eosinophil adhesion on gelatin and 

fibronectin. In addition. supernatant after 4 hours of stimulation increased eosinophil 

adhesion on fibronectin (Figure 4.LB). The inability of the 4 hour supernatant fmm 

MDA-MB435S to induce eosinophil adhesion suggests that MDA-MB435S cells do not 

store any preformed eosinophil activators in their granules. This aIso suggests chat 

stimulation with TNF-a for 4 hours was inadequate to induce the new synthesis and 

release of eosinophil active proteins. Also. MDA-MB435S cells do not release 

activators that modulate the affinity or avidity of the p2-integrins on eosinophils since 

there was no increase in eosinophil adhesion on gelatin. However, after 24 hours of 

stimulation with TNF-cc both MDA-MB-435s and BT-20 cells released activators that 



increased eosinophi l adhesion to fi bronectin suggesting that eosinophil active protein 

synthesis and release was occurring, which either increased the adhesiveness or up- 

regulated the expression of the &-integnns. 

After determining that eosinophils can bind to breast carcinoma celIs and that 

breast carcinoma cells release eosinophil activators, we determined if the presence of 

conditioned supernatant had an effect on eosinophil adhesion. Interestingly, the same 

amount of eosinophils bound to MDA-iMB435S cells after 15 minutes of adhesion 

whether the conditioned supernatant was present or absent (Figure 4.6). There was an 

increase in the number of eosinophils adherent on control MDA-MB435S in the 

presence of supernatant at 5 minutes. These observations suggest that mediators released 

by MDA-MB435S cells have little role in increasing eosinophil adhesion on these cells 

and that the observed adhesion is mainly due to the constitutive expression of VCAM-1 

and ICAM- L on the surface of MDA-MB435S cells (Figure 3.3A). In the absence of 

conditioned supernatant, there was minimal eosinophil adhesion on BT-20 cells (Figure 

4.7). However in the presence of conditioned supernatant, there was a dramatic increase 

in eosinophil adhesion on TNF-u stimulated BT-20 cells as compared to control. At the 

10 and LS minute time point, the amount of eosinophil adhesion to BT-20 cells surpassed 

the cpatest amount of adhesion seen on MDA-MB-435s cells. This huge increase in 

eosinophiI adhesion is probably due to eosinophil activators that BT-20 cells release d e r  

stimulation with TNF-u and to a lesser degree, the increased expression of VCAM-1 and 

ICAM-L after stimulation with TNF-cr since the same response was not seen in the 

absence of supernatant. These data show that the supernatant from TNF-u-stimulated 

BT-20 cells has a greater effect on activating eosinophils than supernatant From MDA- 



MB-435S cells which a p e s  with the static adhesion assays on gelatin and fibronectin. 

From the identified chemokines in the supernatant, it is interesting to note that MBA- 

1MB435S have more RANTES, MCP-1 and IL-8 than BT-20 cells (Figure 4.12). We 

have yet to identify a mediator present in BT-20 cells that is not present in MDA-MB- 

435s cells. 

Supernatant from both MDA-m435S and BT-20 cells stimulated with TNF-u 

are chemotactic for eosinophils (Figure 4.5). The identification of these chemoattnctants 

began with mediators already identified for the specific recruitment of eosinophils into 

the tissue. Eotaxin, a member of the CC chemokine family, is a potent eosinophiI- 

specific chemoattractant binding exclusively to CCR3 (Ponath et al., 1996; Daugherty er 

a!., 1996). We assayed for all three members of the eotaxin family, eotaxin, eotaxin-2 

and eota.Gn-3. by RT-PCR and found little to no mRNA expression for these proteins 

(Figure 3.1 1). We next looked for the secreted protein and found no evidence of eotaxin 

in the supernatant of either control or TNF-u-stimulated breast carcinoma cells (data not 

shown). Since eotaxin is not the only eosinophil specific chemokine, we broadened our 

search to include chemokines known to be chemotactic for eosinophils such as RANTES 

(Alam et al., 1993), MCP-3 @ahinden rt al., 1994), MCP-4 (Uguccioni er al., 1996: 

Stellato rr al., 1996) and MIP-La (Rot et al., 1992) and to chemokines that have no 

chemotactic response for unstimulated eosinophils such as members of the CXC 

chemokine family. Using commercially available EUSA kits we identified that both 

MDA-EUZB435S and BT-20 cells under the influence of TNF-u release IWNTES, MCP- 

I and IL-8 (Figure 4.12). Blocking antibody studies showed that RANTES and lL-8 

participate in activating eosinophils since adhesion on fibmnectin was attenuated by these 



antibodies (Figure 4.14). An antibody against MCP-I had no effect on eosinophil 

adhesion when BT-20 supernatants were used, but it did have an effect when supernatants 

from MDA-MB435S cells were used. The significance of RANTES in the supernatant 

is not surprising since it is well documented that i t s  can bind to both CCRl and 

CCR3 (Neote et al., 1993; Ciao et al.. 1993; Ponath et al., 1996) which are both found on 

eosinophils and cause chemotaxis (Alam et al., 1993). We were surprised not only to 

find MCP-1 and IL-8 present in the supernatants from breast carcinoma cells, but to find 

that antibodies against these chemokines significantly reduced eosinophil adhesion on 

fibronectin when eosinophils are not thought to constitutively express the appropriate 

receptors for IL-8 or express any MCP- 1 receptors. 

The literature on eosinophils and responses towards IL-8 is contradictory. A 

number of studies have investigated the chemotactic behavior of eosinophils isolated 

from normal versus allergic donors towards CL-8. In general, normal eosinophils are not 

chemotactic towards IL-8, but eosinophils from allergic donors are (Sehmi et al., 1993; 

Lampinen et al.. 1999: Schweizer a al., 1994; Waninga er al., 199 1; Warringa et al., 

1992: Warringa et al.. 1993). The ability of IL-8 to induce migration of eosinophils from 

allergic donors suggests that these cells are in a primed state. To mimic in vivo priming, 

studies have shown that if eosinophib taken from a normal individual are incubated with 

either IL-5, IL-3 or GM-CSF they acquire the ability to mi+pte towards IL-8 (Sehrni et 

al., 1993; Schweizer et al., 1994, Warringa et al., 199 I ;  Waninga er al., 1992). In 

contrast to these studies, Petering er al. showed that primed or unprimed eosinophils are 

not chemoattractant to IL-8 (Scluoder er aL. 1987). they do not express the IL-8 

receptors, CXCRl or CXCR2, nor does IL-8 induce a rapid and transient release of 



cytosolic free CP in eosinophils (Petering er al., 1999). The donors used in our 

experiments were chosen from the general population and were not selected for particular 

characteristics such as allergy or asthma. This means that eosinophils were isolated from 

donors with no previous history of dlergies or asthma and dso from donors with allergies 

andlor asthma. Therefore it is possibie that some of our experiments were performed 

with primed eosinophib that were capable of responding to IL-8 which could explain 

why we saw a reduction in adhesion on fibronectin with an IL-8 mAb. 

Aside from the composition of our donor pool, the reduction in adhesion with an 

CL-8 mAb could possibly be justified if the IL-8 in our breast carcinoma cell supernatant 

was N-terminally truncated. IL-8 is generated from a 99 amino acid precursor and the 

most abundant forms of the mature protein consist of 77 and 72 mino acids (Baggiolini 

rr al., 1994). There are a number of naturally occurring aminoterminal variants of IL-8, 

including 1-77.6-77,7-77 (Van D m e  cr al., 1989; Van den Steen er al., 2000: 

Padrines et al., 1994) and it has been shown chat the truncated forms are more potent than 

full length IL-8 (Clark-Lewis er al.. 199 1). It has been shown that aminoterminal 

modifications to chemokines can actually change the receptor i t  binds to and are therefore 

reactive to other cells types (Weber er al., 1996). This has  not been shown for IL-8, 

however it would be interesting to see if uuncated forms of IL-8 are now active on 

eosinophils or if primed eosinophils have increased responsiveness to truncated forms of 

IL-8 as seen with neutrophils (Van den Steen er ul., 2000). 

Eosinophils or even eosinophils pre-incubated with IL-5 have no chemotactic 

response towards MCP-1 (Schweizer er al., 1993; Leonard and Yoshimura, 1990: Rot et 

al., 1992; Dahinden er al., 1994; Uguccioni et aL, 1996). Therefore the ability of an anti- 



MCP-L mAb to reduce eosinophil activation is interesting since eosinophils do not 

express CCR2 and are not responsive to MCP-I. There are two possible ways that MCP- 

L can have an effect on eosinophils. First, MCP-1 can bind not only to CCRl (Charo er 

aL, 1994: Myers et a!. , 1995). CCR4 (Power et al., 1995) and CCR 10 (Bonini et al., 

1997). but also to CCRI (Neote et al., 1993) which is expressed by eosinophils. MCP-1 

has also been shown to induce calcium mobilization through CCR1, specifically on 

eosinophils (Neote er al., 1993; Fujisawa et af., 2000). Therefore it could be possible that 

the small reduction seen with the anti-MCP-1 nu\b with MDA-IMB -435s supernatant 

could be due to MCP- 1 binding to CCRI. The second mechanism that MCP- I could be 

having an effect on eosinophils is based on the fact that aminoterminal truncation of 

MCP-1 has been shown to be a potent activator of eosinophils. MCP-l(2-76) has been 

shown to induce chemotuis, actin polymerization, respiratory burst and calcium 

mobilization in eosinophils (Weber et al.. 1996). This truncated form, MCP- l(2-76). has 

now lost most of its potent effects on basophils but gained the ability to activate 

eosinophils, It is possible that MCP-1 found in breast carcinoma supernatant is of an 

aminoterminat variant that can now exert its activating abilities on eosinophils. 

Eosinophils are known for the toxic proteins they release at inflammatory sites 

that cause tissue injury. As another measure of eosinophil activation, we investigated 

whether breast carcinoma cells could induce eosinophils to generate superoxide, rt toxic 

oxygen species, Our studies showed that supernatant from breast carcinoma cells can 

induce superoxide production from eosinophils (Figure 4.8). This release was attenuated 

by blocking signals through TNFR 1 or CCR3 (Figure 4.10 and 4.15). There are a 

number of known soluble activators that cause the release of reactive oxygen species 



from eosinophils including, sIgA (Abu-Ghazdeh er a!., 1989). PAF (Kroegel er al., 

1989), GM-CSF (Horie er al., 1996). IL-5 (Horie et al., 1996) and PMA (Horie er al., 

1996). Consistent with published data, we found TNF-u done can induce a moderate 

amount of superoxide from eosinophils (Horie et al., 1996). The supernatants used to 

stimulate superoxide release from eosinophils contained TNF-a, however, the presence 

of TNF-u could not account for all of the superoxide released since a TWRI rnAb only 

attenuated the response. To determine the role CCR3 had in inducing superoxide 

production we pre-incubated eosinophils with a CCR3 mAb. We found that CCR3 only 

attenuated release. It would be interesting to determine whether blocking both CCR3 and 

RCFR 1 would abrogate the response. 

The amount of supemxide generated from eosinophils stimulated with supernatant 

from breast carcinoma cells is noteworthy. The stmngest known secretagogues for 

eosinophils are slgA beads (Abu-Ghazaleh er al., 1989) and PAF (Kroegel et al., 1989). 

After 110 minutes of stimulation. eosinophils generated 58.6k7.4 superoxide in response 

to slgA. 79.3k9.3 superoxide in response to PAF (Horie er at., 1996) and stimulation with 

BT-20 TNF supernatant produced 92.e6.55. Although side-by-side experiments need to 

be performed to make any comparisons, this data suggests that supernatant from TNF-a- 

stimulated BT-20 cells can induce eosinophils to generate large mounts of superoxide. 

This gives eosinophils a powerful tool in inducing tissue damage at breast carcinoma 

sites. Deducing the mediator(s) responsible for this robust release is dificult since W- 

a is a weak agonist for superoxide production and neither IL-8 or RANTES are capable 

of inducing superoxide generation on their own (Horie et al., 1996). Perhaps a single 

mediator can not be held accountable for such a strong superoxide production from 



eosinophils, rather a synergistic role between mediators may be the answer. TNF-a and 

IL-5 have been shown to have synergistic roles in inducing EDN release from eosinophils 

(Horie er al., 1996). Further studies using different combinations of chemokine and 

cytokines may provide exciting insight into the mechanisms ofeosinophil activation in 

the tissue. 

In summary, our studies have shown that breast carcinoma cells activate 

eosinophils through a number of different mechanisms. In all of the activation assays 

performed, BT-20 supernatants activated eosinophils to a greater extent than MDA-bIB- 

435s supernatant. The main difference between the two cell lines lies in their 

tumorgenicity; BT-20 cells are tumorgenic and MDA-MB435S cells are non- 

tumorgenic. it is intriguing to speculate that there could be a possible link between 

tumorgenicity and to the extent of eosinophil activation by breast carcinoma cells and 

further studies in this area may shed some light on the extent of eosinophil activation at 

breast carcinoma sites. 

4.3 Future Studies 

In this study, we have just begun to understand the effector functions of 

eosinophils in response to mediators released by breast carcinoma cells in vitro. Lukacs 

rr a!. compared the chemokine receptor expression on peripheral versus elicited murine 

eosinophils and found peripheral eosinophils only expressed CCR I and CCR3 whereas 

elicited eosinophils expressed CCRl through 5 (Lukacs er al., 1999). These eosinophils 

not only expressed receptors not normally found on eosinophils, but there was an 

enhanced expression of both CCRl and CCR3 (Lukacs er al., 1999). To understand the 

full potentid of eosinophils in tumor sites, identifying chemokine receptor expression on 



eosinophils that have already migrated into the tissue could prove to be a very interesting 

m a  of research. 



Chapter Five: Specific Aim 3 

Hypothesis: Eosinophi Is found in breast tumor sites are changing the tumor 

microenvironment through the release andlor activation of matrix 

metalloproteinases (MMPs). 

Objectives: 

1. Can eosinophils release matrix metalloproteinases? 

2. Can breast carcinoma supernatants induce MMP-9 release from eosinophils? 

3. Can TNF-u alone induce MMP-9 release from eosinophils? 

4. Which TNF nceptor is responsible for inducing MMP-9 release from 

eosinophi Is? 

5. Can MMP-9 release from eosinophils stimulated with breast carcinoma cell 

supernatant be blocked with a TNF receptor antibody? 

6. Can RANTES, K P -  1 or [L-8 induce MMP-9 release from eosinophils? 

7. Can eosinophil adhesion on breast carcinoma cells stimulate W - 9  release? 

5.1 Results 

Eosinophils stimulated withflfLP or  TNF-asecrete MMP-9. Okada er al. 

(1997) have recently shown that eosinophils can release MMP-9 (92 kD type IV 

collagenase, gelatinase B) in response to cytokines and lipid mediators such as IL-5 and 

PAF. Based on our static adhesion data. we did not expect eosinophils to be responsive 

to TNF-a however, TNF-cr alone did induce some superoxide generation from 

eosinophils. To determine if eosinophiis could be stimulated to release MMP-9, we 

initially performed gelatin zyrnograms on cell-free supernatants from eosinophits 



stimulated with buffer, fMLP or TNF-cr This method allowed us to determine the 

presence of gelatinase activity. Gelatin zyrnography showed a major gelatin degrading 

band at approximately 95 kD as well as two minor bands that migrated slower on the gel 

(Figure 5. IA). The major band co-migrated with an MMP-9 standard, but not with an 

MMP-2 standard (Figure 5.lA). The minor bands likely represent complexes with 

TlMP- I and dimerized M - 9 .  Consistent with other reports, we found no evidence of 

W - 2  released from eosinophils (Figure 5. IA). 

To further determine if eosinophils were actually releasing MMP-9 and not a 

nonspecific protease, we assayed for MMP-9 by ELISA. Eosinophils (lox 10~1ml) were 

stimulated with buffer or various concentrations of TNF-a for 30 minutes. Cells were 

spun and cell-free supernatants were used in a W - 9  ELISA. Under TNF-u 

stimulation, we found that eosinophils could release anywhere from 5.6-62.8 nglrnl 

MMP-9 (data not shown). We found that MMP-9 release from eosinophils was sensitive 

to TNF-u stimulation since 0.1 ngml TNF-cr was capable of releasing the same mounts 

of MMP-9 as eosinophils stimulated with 20-fold more TNF-a (2 ngml) (Figure 5. LB). 

Supernatantcfiom breast carcinoma cells stimulated for 24 hours with TNF-a 

induces MMP-9 releasefrom eosinophils. We know that eosinophils are activated when 

exposed to supernatants from TNF-a-stimulated breast carcinoma cells as seen with an 

increase in adhesiveness on gelatin and/or fibronectin. We also wanted to determine if 

these mediators would be able to induce MMP-9 release from eosinophils. Since TNF-a 

alone could stimulate eosinophils to release MMP-9, we developed supernatants from 

TNF-a-stimulated breast carcinoma cells that were free of any exogenous added TNF-a. 

Breast carcinoma cells were stimulated for various times (i.e. 4,8, 12, 16, I 8  and 20 



hours) with TNF-a,  cells were washed four times with buffer and fresh buffer was added 

for the remaining 23 hour incubation period (i.e. af~er 4 hours with TM-CL, breast 

carcinoma cells were washed and incubated with fresh buffer for the remaining 20 hours: 

see methods). Supernatant harvested from breast carcinoma cells treated for 24 hours 

still contained the TNF-u used to stimulate these cells. Eosinophils were stimulated with 

supernatants from either control, 4. 8, L 2 or 24 hour TNF-u-stimulated breast carcinoma 

cells for 30 minutes. Cells were spun and the supernatants were collected and run on a 

gelatin zyrnogram. 

Supernatants from control MDA-MB435S and BT-20 cells did not induce any 

W - 9  degranulation and very faint bands were present after stimulation with the 4. 8 

and 12 hour supernatant (Figure 5.1). Supernatant from 18 and 10 hours also produced 

little bIMP-9 release (data not shown). There was however, abundant MMP-9 release 

after stimulating eosinophils with supernatant from breast carcinoma cells stimulated for 

14 hours with TNF-u (Figure 5.2). Since the 24 hour supernatant was the only 

supernatant that contained TNF-u, two possible explanations could account for these 

observations. One possibility could be that mediators present in supernatants free from 

TNF-cr do not induce W - 9  retease from eosinophils. However due to fact that both 24 

hour supernatant and TNF-u control both conrain 1 ng/rnI TNF-a and that there was 

more MMP-9 released from eosinophils stirnuIated with 24 hour breast carcinoma 

supernatant, suggests either an additive or synergistic effect. Therefore, a second 

possible explanation could be that the mediators in the supernatant alone do not induce 

MMP-9 release but instead can synergize with TNF-a to maximize MMF-9 release. It 

shouId be noted however that some experiments showed equd MMP-9 release from 



eosinophils stimulated with TNF-u done and eosinophiIs srimulated with 34 hour 

supernatants. 

MMP-9 releasefrom TNF-a;stimulated eosinophils is time- and dose- 

dependent. After determining that TNF-ct could stimuiate eosinophils to release MMP-9, 

we next wanted to determine the time and dose dependence of this response. First 

eosinophils were stimulated with 3 ng/mI TNF-cr. for various times ranging from 5 

minutes to 1 hour. TNF-u induced a time-dependent increase in W - 9  release from 

eosinophils, with significant reiease observed as early as 25 minutes and with maximal 

release at 1 hour (Figure 5.3A). Figure 5.38 shows the dose-response curve at 30 

minutes in response to TNF-a. There was no difference in the MMP-9 released at 

concentrdiions between 20 and 0.1 ndml of TNF-u (Figure 5.3B rind data not shown) 

which agrees with the W - 9  U I S A  (Figure 5.1B). L W - 9  release diminished as 

concentrations dipped below 0.1 ng,/m[. Notably, as  little as 0.05 nglrnl of TNF-a was 

capable of eliciting MMP-9 release above background levels. Thus very [ow 

concentrations of TNF-u are sufficient to induce the release of MMP-9. 

Eosinophils release pro-MMP-9 which can be activated by p- 

aminophenylmercuric acetate (APMA). To further characterize the MMP-9 released 

from eosinophils, we wanted to determine if the pro or activated form of the protease was 

being released. Eosinophils (1x10') were stimulated with buffer or 2 nplml TNF-a for 30 

minutes. CeII-free supernatants were then assayed by a gelatinase activity assay. Any 

active gelatinases in the supernatant would cleave a biotinylated gelatinase substrate, 

reducing the amount of biotin on the plate. The remaining biotin molecules wodd be 

detected by the add tion of a streptavidin-enzyme complex and enzyme substrate. 



Therefore, small absorbance values reflects the presence of activated gelatinases in the 

sample. The results from the gelatinase activity assay showed that eosinophils release 

pro- or unactivated MMP-9 (Figure 5.4A). 

Electrophoresis and nnaturation can activate the gelatin degrading activity of pro- 

MMP-9, thus gelatin zymo,mphy detects both pro-MMP-9 (92 kD) and active MMP-9 

(82 0). Pro-MMP-9 from eosinophils has an apparent molecular weight of 95 kD 

(Okada er aL, 1997) and active iMMP-9 is 84 kD. We next wanted to show that we could 

activate the pro-MMP-9 released from stimulated eosinophils. lMMPs can be activated 

by a variety of proteases or by reaction with organic mercurials such as MMA. After 

eosinophils were stimulated with TNF-a cell-free supernatants were treated with 0.5 mM 

APMA for 60 minutes and gelatin zymogaphy was performed. APMA treatment of the 

pro-MMP-9 released by TNF-u stimulated eosinophils resulted in conversion to a 89 kD 

form (Figure 5.4B). 

In summary, we found that eosinophils can be stimulated to release W - 9  by 

TNF-u and depending on the donor. release could be as much as 63 ng/mI mIP-9. The 

MMP-9 released is in the pro-form and can be partially activated by an organic mercurial, 

APMA. 

TNFRI is required for 1-9 release from TNF-&stimulated eosinophils. 

TNF-a can bind and signal through two different receptors, TNFRL (p55) and TNFRZ 

(p75). As previously shown, eosinophils express low levels of these receprors on their 

surface (Matsuyama er al., 1998). After determining that TNF-a induced MMP-9 release 

h r n  eosinophils, we wanted to determine if this was mediated throw$ TNFR 1, TNFR2 

or both receptors. Eosinophils were incubated with neutralizing mAbs against TNFRl 



and/or T'NFR2 for 15 minutes prior to stimulation with 2 ngml TNF-cc. After 30 minutes 

with TNF-a, the supernatant was collected and MMP-9 release was measured by gelatin 

zyrnography. An anti-TNFRI mAb blocked virtually all MMP-9 reIease from 

eosinophils (Figure 5.5). In contrast, a TNFR? mAb had little effect on MMP-9 release 

(Figure 5.5). In combination, the antibodies brought MMP-9 release to control levels. 

Non-immune IgG antibodies were used to eliminate the possibility of nonspecific 

antibody effects. There was no decrease in MMP-9 release with these antibodies (Figure 

5.5). These data suggests that TNF-a acts primarily through TNFR L to activate the 

release of MMP-9. 

iMtWP-9 release from eosinophils stimulated with breast carcirtoma supernatant 

can be attenuated by a TNFRI antibody. Even though supernatant from breast 

carcinoma cells stimulated for 24 hours with TNF-u was capable of inducing IMMP-9 

deganulrrtion, this however was the only supernatant that stiI1 contained the TNF-CY used 

to stimulate the ceils. To determine if the T N F 4  present in the supernatant was 

responsible for the L W - 9  release we pre-treated eosinophils with a neutralizing 

antibody against RIFR1 and then stimulated with breast carcinoma supernatant. 

Supernatants from breast carcinoma cells treated with TNF-CY were assayed for TNF-a by 

EUSA (Figure 4.13). TW-ct levels were actually lower in 24 hour supernatants from the 

stimulation buffer, thus the TNFR1 antibody should be sufficient to block all of the TNF- 

cr in the supernatants. Pretreatment of eosinophils with TNFRI mAb had no effect on 

MMP-9 release from eosinophiIs scimuIared with control MDA-MB-435s and BT-20 

supernatants indicating that background MMP-9 release was not signaling through 

TNFRl (Figure 5.6). The antibody attenuated MMP-9 released from eosinophils 



stimulated with supernatant from TNF-a treated breast carcinoma cells (Figure 5.6). The 

lack of complete inhibition suggests that there are other mediators present in breast 

carcinoma supernatant that couid be inducing MMP-9 release from eosinophils. 

Eosinophils stimulated with RANTES or IL8 secrete pro-MMP-9. In chapter 

four we identified that breast carcinoma cells release RPLNTES, MCP-1 and IL-8 (Figure 

4.12). Knowing that TNF-a alone is unable to induce all of the MMP-9 release from 

eosinophils stimulated with TNF supernatants, we wanted to determine if these 

chernokines alone could induce L W - 9  release. Chemokine concentrations used to 

stimulate eosinophils were based on quantities found in the breast carcinoma supernatant 

by ELISA (Figure 4.12). Eosinophils were stimulated with various concentrations of 

RANTES, K P -  L and IL-8 and MMP-9 release was determined by gelatin zymopphy. 

Both RANTES and IL-8 induced W - 9  release from eosinophils. however MCP-I was 

unable to induce MA@-9 release above control levels (Figure 5.7). The inability of 

MCP-1 to induce MMP-9 degmulation was expected since control eosinophils do not 

express its receptor. CCR?. 

Eosinophil adhesion on breast carcinoma cells does not induce MMP-9 release. 

Eosinophil adhesion to VCAii-i has been shown to activate superoxide anion generation 

(Nagata a al.. 1995). We wanted to examine the possibility that eosinophil adhesion to 

breast carcinoma cells would induce MMP-9 release, Breast carcinoma celis were grown 

to confluence and stimulated with either buffer alone or TNFa Eosinophils (1x10~) 

were added to either control or TNF-a-stimulated breast carcinoma cells and left to 

incubate for 2 hours at 3PC. MMP-9 release fmm breast carcinoma cells was assessed 

by washing the cells and incubating the carcinoma cells with buffer only for 2 hours. To 



determine whether adhesion stimulated MMP-9 release, eosinophils were incubated with 

washed breast carcinoma cells. Adhesion on breast carcinoma cells was also performed 

in the presence of stimulation buffer, therefore mediators released by breast carcinoma 

ceils could activate the eosinophils. We found that neither conuoI or TNF-a treated 

MDA-MB135S or BT-10 cells released MMP-9 on their own (Figure 5.8A and 3.9A). 

In addition, eosinophils adherent on washed breast carcinoma cells did not release any 

W - 9  (Figure 5.8A and 5.9A). In the presence of supernatant from breast carcinoma 

cells however, eosinophils released MMP-9 in comparable amounts to the TNF control 

(Figure 5.8A and 5.9A). 

The role of adhesion molecules in MMP-9 release was also examined. 

Eosinophils were pre-treated with antibodies against Q, or a combination of the two. 

The eosinophils were added to breast carcinoma cells in the presence of supernatant for 1 

hours. Blocking the a- and 0:-integnns had no effect on MMP-9 release from 

eosinophils adherent on breast carcinoma cells (Figure 5.8B.C and 5.9B,C). Thus, 

adhesion was not required for MMP-9 release in this system. 
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Figure 5.1. Eosinophils stimulated with fMLP or TNF-a secrete MMP-9. (A) 

Eosinophils (10~10~/rnl) were stimulated with buffer done (Con) or buffer containing 2 
nglml TNF-a (TNF-a) for 30 minutes. Cells were spun and supernatants were collected 
and gelatin zymopphy was performed as described in methods. Recombinant MMP-9 
and MMP-2 were used as positive controls (STD). STD is from a different gel and is 
shown in the proper relative position. (B) Eosinophils were stimulated with buffer alone 

(Con), 2, 0.1, 0.09 or 0.08 ng/ml TNF-a. Cells were spun and the supernatants were 
collected. The supernatant was assayed for MMP-9 by ELISA according to 
manufacturer's instructions. Data in (A) are representative of at least ten experiments and 
data in (B) is from a representative experiment. 
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Figure 5.2. Supernatant from breast carcinoma cells stimulated for 24 hours with 

TNF-u induces maximal MMP-9 release from eosinophils. MDA-MB-435S and BT- 
20 breast carcinoma cells were stimulated with 20 nglml TNF-ff for either 4, 8 or 12 
hours and cells were washed and given new media. Alternatively, cells were stirnulared 

for 24 hours with TNFa. Supernatants were harvested after 24 hours of stimulation. 

Eosinophils ( lox 10~fml) were stimulated with 1 O - ~ M  tMLP, 2 numl TM-4 (A) MDA- 
MB-435S or (B) BT-20 supernatant for 50 minutes. Cells were spun and supernatants 
were collected. Gelatin zymography was performed as described in the methods. Data 
are representative of at least three experiments. "X" indicates an empty lane. 
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Figure 53. MMP-9 release from TNF-u-stimulated eosinophils is time- and dose- 

dependent Eosinophils (10xl0~1ml) were treated with (A) 2 ng/rnl TNF-a for the 
specified time or (B) the specified concentrations of TNF-a for 30 minutes. MMP-9 
release was determined by gelatin zyrnopphy as described in the methods. A 

recombinant MMP-9 standard was used as a positive control (STD). l d ' ~  MLP was 
also used as a positive controI. Data are representative of at least three experiments. 
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Figure 5.4. Eosiaophils release pro-MMP-9 which can be cleaved by p- 

Aminopbenylmercuric Acetate (APMA). (A) Eosinophils (l?r10~/ml) were either 
stimuiated with buffer alone or TNF-a (2 nglml) for 30 minutes. Cells were spun and the 
supernatants were used in a gelatinase activity assay according to manufacture's 
instructions. Cleavage of a biotinylated substrate, as indicated by a reduction in 
absorbance (450nm), was used as a measurement of gelatinase activity. (B) Eosinophils 

were stimulated with buffer alone (Con), 10-'M tMLP or 2 ng/ml TNF-a for 30 minutes. 
Supernatants from TNF-a-activated eosinophils were treated with 0.5mM APMA for 60 

minutes at 37'~ .  GeIatin zymography was performed as outlined in the methods. 
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Figure 5.5. mFRl (pSS), but not TNFR.2 (p75), is requited for TNF-a stimulated 

MMPJ release from eosinophils. Eosinophils (10~10~/rnl) were either untreated or 
pretreated with neutralizing mAb to TNFRI (50 @mi), TNFRII (10 pg/ml) or both for 
IS minutes. Eosinophils were also pretreated with a non-immune IgG, antibody (Con I : 

50 pglrnl; Con 2: I0 @ml) to eliminate the possibility of nonspecific antibody effects. 
Cells were then stimulated with buffer alone or 2 ng/ml TNF-a for 30 minutes. Cells 
were spun and the supernatants were coilected. Gelatin zyrnography was performed as 
described in the methods. Data are representative of at least three independent 
experiments. 
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Figure 5.6. M M P 3  release from breast carcinoma supernatant-stimulated 
eosinophils can be attenuated by a TNFRI antibody. (A) Eosinophils (10~10~/m1) were 

either untreated or pretreated with neutralizing mAb to TNFEU (50 pglml) for 15 minutes. 
Cells were then stimulated for 30 minutes with buffer done, 2 nglml TNF-a, supernatant 
tiom control MDA-MB-435S or BT-20 cells. or supernatant tiom TNF-a stimulated MDA- 
MB-435s or BT-20 cells. CeIls were spun and the supernatants were collected. Gelatin 
zymo'raphy was performed as descnied in the methods. Data are representative of at 
least three independent experiments. (B) The bands fiom the representative zymogram 
were analyzed by dcnsitometry and are expressed as the adjusted volume from which 
background values have been subracted. 
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Figure 5.7. Eosinophils stimulated with RANTES or IL-8, but not MCP-1, secrete 

pro-MMP-9. Eosinophils (10~10~/ml) were stimulated with various concentrations of 
(A) RANTES, (B) MCP-1 and (C) [L-8 for 30 minutes. Cells were spun and 
supernatants were collected- Gelatin zymopphy was performed as described in the 
methods. Densitometry was performed on the representative zymogram shown to the 
l e t  Background noise for each zymogram was subrtacted from each band, therefore 
densitometry values are given in adjusted volume units. Data are representative of at 
least three experiments. 
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Figure 5.8. Pretreating eosinophils with antibodies against a,- and Biintegrins does 

not change the amount of MMP-9 released from eosinophils adherent to MDA-MB- 
435s cells. Confluent monolayers of MDA-MB435S cells were stimulated with either 

M199lA alone (Con) or 20 ng/mI T N F a  (TW) for 24 hours. (A) Breast carcinoma cells 
were either washed and HBSS was added (HBSS only) or they were washed and 

eosinophils ( lx 1 06) were added (Eos+HBSS). Eosinophils were also added to carcinoma 
cells with supernatant present (Eos+Sup). Eosinophik in suspension were either stimulated 

with buffer (Con eos) or 2 ng/rnl TNF-a (2ndml TNF) and were performed side-by-side 
with the static adhesion assay. (5) Eosinophils were pretreated with antia,mAb . anti-b, - 
mAb or a combination of the two for 15 minutes. Eosinophils were then added to MDA- 

MB-435s cells and incubated for 2 hours at 37 '~ .  (C) Densitometry was performed on the 
bands in (B). Data are representative of at least three experiments. 
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Figure 5.9. Pretreating eosinophih with antibodies against ai and f12-integrins does 

not change tbe amount o f  MMP-9 released from eosinophils adherent to BT-20 cells. 

Confluent monolayers of BT-20 cells were stimuIated with either M199lA alone (Con) or 20 

n@mI RPF-a (WF) for 24 hours. (A) Breast carcinoma cells were either washed and 

HBSS was added (HBSS only) or they were washed and eosinophils (1x103 were added 
(Eos+HBSS). Eosinophils were also added to carcinoma cells with supernatant present 
(Eos+Sup). Eosinophils in suspension were either stimuIated with buffer (Con eos) or 2 

ng/mL RIF-a (TNF) and were performed side-by-side with the static adhesion assay. (B) 
Eosinophils were pretreated with anti-a,mAb . anti-p, mAb or a combination of the two for - 
15 minutes. Eosinophils were then added to BT-20 cells and incubated for 2 hours at 37'C. 
(C) Densitometry was perCormed on the bands in (B). Data are representative of at least 
three experiments. 



5.3 Discussion 

The extracellular matrix (ECM) is composed of glycoproteins, 

glycosaminoglycans, collagens and proteoglycans and provides not only structural 

support for tissue and organs, but also modulates development, proliferation and 

migration. One family of protemes, called the matrix metdlopmteases (MMPs), has the 

capability of degrading all components of the ECM. MhQs are a family of 17 

structurally and functionally related zinc endopeptidases that are further categorized 

based on substrate specificity and structure (reviewed in Westermmk and Kahari, 1999). 

There are five subgroups consisting of: collagenases, geiatinases. stromelysins, 

membrane-type-like and other MMPs. MMPs have been shown to be important 

proteinases that are involved in many normal physiological processes such as uterine 

implantation. menstruation, embryonic ,mwth, tissue morphogenesis and tissue repair 

(Shapiro. 1998). However, inappropriate or overexpression of certain MMPs has 

contributed to the disease progression of rhematoid arthritis, osteoarthritis, multiple 

sclerosis and cardiovascular disease (Shapiro. 1998). There is also a link between the 

overexpression of MMPs and an increase tumor progression (Liotta et al., 1980: 

Westermxck and Kahari, 1999: Davies er al., 1993; Stetler-Stevenson er al., 1993: 

MacDougall and Matrisian. 1995; Mignatti et al., 1993). In this study, we investigated 

the ability of eosinophils to release one class of MMPs, the gelatinases, in response to 

mediators released from breast carcinoma cells. 

As with all of our other experiments, we first used TNF-cr alone to determine if 

the cytokine has my effects on MMP-9 release. To our surprise, TNF-cr induced 

significant release of MMP-9 from eosinophils. Despite tow expression of TNF 



receptors, eosinophils were very sensitive to TNF-rw stimulation. We investigated the 

ability of eosinophils to release I W - 2  or MMP-9 in response to TNF-ol and found that 

eosinophils released MMP-9 in both a time- and dose-dependent fashion (Figure 5.3). 

We found no evidence of MMP-2 refeased from eosinophils stimulated with TNF-CL 

MMP-9 release was seen with as Iow a 0.09 ngml TNF-u and as rapidly as 20 minutes 

after stimulation. Signals through TNFRl were responsible for the majority of W - 9  

reIeased from eosinophiIs due to complete inhibition seen with a TNFR1 mAb ('Figure 

5.5). 

We next wanted to determine if supernatant from TNF-u-stimulated breast. 

carcinoma cells could induce MMP-9 release from eosinophils. However, since TNF-u 

alone could stimulate eosinophils to reiease A W - 9 ,  we had to deveiop supernatants 

from TNF-u-stimulated breast carcinoma cells that was free of any exogenous added 

TNF-cr. To remedy this problem, we stimulated breast carcinoma cells for various times 

(i.e. 4-8, 12, 16. 18 and 20 hours), washed the cells four times with buffer and added 

fresh buffer for the remaining 24 hour incubation period (i-e. after 4 hours with TNF-ct, 

breast carcinoma cells were washed and incubated with fresh buffer for the remaining 20 

hours). None of the TNF-free supernamts from the time course could induce MMP-9 

release from eosinophils (Figure 5.1). [n contrast, the 24 hour supernatants that contained 

TNF-ct did stimulate MMP-9 release from eosinophils. In some experiments equivalent 

amounts of TNF-u stirnulaced less MMP-9 re[ease suggesting that there were additional 

mediators present in the supernatant (Figure 5.2 versus 5.6). 

To determine if there were other mediators capable of increasing MMP-9 release, 

we incubated eosinophils with a neutralizing TNFRl mAb and then stimulated with 



supernatant from breast carcinoma cells treated with TNF-a for 24 hours. Pretreatment 

with a TNFR1 rnAb only attenuated MMP-9 release suggesting a role for additional 

mediators such as RANTES, L-8 and MCP-1 which were previously identified in TNF 

supernatants, These results could also mean that there was incomplete blockade due to 

an increase in TNF-u production from either the breast carcinoma cells or from the 

eosinophils. This is unlikely since supernatants from breast carcinoma cells treated for 

24 hours were assayed for TNF-a by ELISA (Figure 4.13) and our results showed that 

there was actually a decrease in TNF-u after stimulation suggesting that the TNF-a was 

being degraded. We also assayed supernatant from eosinophils adherent to breast 

carcinoma cells (in the presence of TNF supernatant) for 2 hours and TNF concentrations 

were the same as found in supernatant alone (data not shown), In addition, M - 9  

released from eosinophils stimulated with TNF-a alone, in equivalent mounts found in 

the supernatant, was completely inhibited after the eosinophils were pretreated with a 

TNFRl mAb (Figure 5.6). 

The ability of RANTES, MCP-1 and IL-8, which were identified in TNF- 

stimulated breast carcinoma supernatant, to stimulate MMP-9 release from eosinophils 

was examined. Our studies showed that the CC chemokine, RANTES and the CXC 

chemokine, IL-8 could stimulate MMP-9 release from eosinophils figure 5.8). It should 

be noted that two out of three experiments showed increased levels of MMP-9 released 

from control in response to IL-8. However, IMMP-9 released varied between donors 

which was most likely due differential expression of CXCRl and CXCFQ on eosinophils. 

Taken together, breast carcinoma supernatants without TNF-a does not stimulate 

MMP-9 release, however mediators such as RANTES and IL-8 found in TNF- 



supernatants can induce MMP-9 release. These results suggest that RANTES andlor IL-8 

may act synergistically with TNF-u to induce MMP-9 release from eosinophils. One 

way to determine if synergy is actually occurring would be to add back TNF-ct to time 

course supernatants and stimulate eosinophils with these supernatants. SuboptimaI 

concentrations of IL-8 and TNF-a or R A i i S  and TNF-u could also be used to 

determine specific synergy roles of these chemokines with TNF-a Future experiments 

incubating eosinophils with a TNFRl mAb + CCR3 mAb could provide insight into the 

role RANTES is playing in stimulating MMP-9 release from eosinophils. Also, 

pretreating supernatants with an IL-8 or RANTES mAb and eosinophils with a TMXl 

mAb could identify the role these chemokines have with W - 9  secretion from 

eosinophils. 

Eosinophil adhesion has been shown to induce activation and alter functional 

responses in eosinophils (Nagata et al.. 1995). We wanted to determine if eosinophil 

adhesion to breast carcinoma cells would have any effect on the mount of MMP-9 

released. Adhesion on washed breast carcinoma cells did not stimulate W - 9  secretion 

from eosinophils (Figure 5.8A and 5.9A). MMP-9 was secreted when eosinophils were 

added to TNF-u-stimulated breast carcinoma cells in the presence of supernatant. 

Antibodies against Q- and f12-integrins had no effect on MMP-9 released from 

eosinophils (F~gure 5.8B,C and 5.9B,C). These data suggest that adhesion alone has no 

effect on stimulating MMP-9 release from eosinophils and the MMP-9 release seen is 

mainly due to the presence of TNF-u and secondarily to other mediators in the 

supernatant. 



Using zymogarns, gelatinase activity assays and stimulation with APPYiA we 

determined that eosinophils released the proform of MMP-9 (Figure 5.1 and 5.4). This 

observation was expected since almost (Pei and Weiss, 1995) all W s  are released in 

the latent form and require subsequent proteolytic cleavage of the prodomain for 

activation. It is interesting to note that after stimulation with APMA, there was a drop in 

molecular weight from 95 kDa to approximately 89 kDa. Although APMA is known to 

activate MhP-9 (Okada er al., 1992: Shapiro et a!., 1995). APMA treated pro-MMP-9 

from eosinophils only provided a truncated form with no gelatinase activity (data not 

shown). This suggests that APMA cleavage resulted in a shortened form of MMP-9 that 

still contained the prodomain cysteine interacting with the active zinc molecule in the 

catalytic domain. 

Organomercurial agents such as APMA activate MMPs by chelating the cysteine 

residue in the prodomain leaving the zinc molecule in the catalytic domain accessible. 

Subsequent autolytic cleavage of the prodomain results in an intermediate protein of 

approximately 86 kDa and in the absence of W - 1 .  further autolytic cleavage occurs 

resulting in a 67 kDa product (Shapiro er al., 1995: Okada et al., 1992). However in the 

presence of TIMP-1, this intermediate protein of 86 kDa is the final product and lacks 

enzymatic activity due to TIMP- 1 binding to the carboxy terminus of MMP-9 (Ogata et 

al., 1995: Okada er al., 1992; Shapiro et al.. 1995). Differences between the type of 

MMP-9 leukocytes secrete has already been noted in the literature. Neutrophils release 

IMMP-9, TIMP free (Hibbs et at., 1985), however macrophages secrete MMP-9 in 

complex with TIMP-1 (Mautino er al., 1999). Therefore, one possible explanation for 

our results could be that eosinophils secrete MMP-9 as a proenzyme in association with 



TIMP- I, therefore preventing full activation of pro-MMP-9 upon stimulation with 

APMA. This is consistent with work done in MoqbeI's lab, where they showed that both 

TIMP and MMP-9 levels increased dter stimulation with TNF-u (Schwingshackl er al., 

1999). Consequently, for eosinophii generated MMP-9 to have any effect in breast 

carcinoma sites, it would have to be activated in an environment where activated W s  

were in molar excess to TEMP-1. This balance of inhibitors and activated proteinases 

adds to the precisely controlled activities of M s .  Specific stimulus must be present 

and in sufficient quantities for MMP release, activation of pro-MMPs by other 

proteinases. inhibitors bound to secreted MMPs and soluble inhibitors such as TlMPs and 

uZ-macroglobulins are all factors in regulating the activation and sequestering of M s .  

The question of whether or not the environment surrounding breast carcinoma 

cells contains proteases that can activate eosinophil-derived MMP-9 is an imponant one. 

The expression of MMPs at breast carcinoma sites has been investigated and a number of 

MMPs have been identified that could potentiaIly activate pro-MMP-9 released from 

eosinophils. A summary of the possible interactions between various MMPs at breast 

tumor sites is presented in figure 5.10. W - 3  (Heppner n al., 1996), W - 2  (Davies 

et al.. 1993: Dalberg et al., 2000). Wl-MMP (Ueno er al., 1997; Dalberg et a!., 2000) 

and MMP-13 (Freije et aL, 1994; Uria et a!., L997) have dl been identified at breast 

carcinoma sites and dl of these MMPs are known to activate pro-LW-9 in vitro into an 

enzymatic active form. Hahn-Dantona sr a!. proposed a multi-step mechanism of 

activating pro-MMP-9 in tumor-bearing tissue where plasminogen from the circulation 

would be activated by uPA released from the tumor. This would convert plasminogen 

into plasmin, a protease that can activate pro-MMP-3 released by stromal cells (Hahn- 



Dantona et al., 1999). Activated EUIMP-3 can now cleave the prodomain of pro-MMP-9, 

thereby activating it (Ogata et al., 1992). The increase in MMP-9 activity in this system 

was shown to enhance the ability of a breast carcinoma cell line to migrate through 

Matrigel, a reconstituted basement membrane. 

M - 3  expression is however not always found at breast carcinoma sites and 

other mechanisms for MMP-9 activation do exist. MMP- 13 has been shown to be 

expressed in breast carcinomas but not in normal tissue (Uria et al., 1997; Freije et al., 

1994) and can activate MMP-9 in vitro (Knauper et al., 1997). Pro-MMP-13 can be 

released by stromal cells, such as tumor-associated fibroblasts, and can be activated by a 

variety of different proteases, including M - 2 ,  M T I - W  and plasmin (Knauper et 

a!.. 1996). WI-MMP. a membrane expressed protease, has been shown to be expressed 

by invasive breast carcinomas (Ueno et al.. 1997: Dalberg er al.. 2000) which could 

potentially activate pro-MMP-13 and pro-MMP-2 (Davies et al., 1993) released at the 

tumor site. Activated MMP-2. can also activate pro-MMP-9 and has been identified to be 

expressed at breast carcinoma sites (Fridman et al., 1995; Davies et al., 1993). 

Stromelysin-3 (MMP-11) has been identified to be expressed exclusively by stromaI cells 

in breast carcinomas (Basset et al., 1990). This MMP is unique to other MMPs in that it 

can be activated intracellularly and can be released in an activated form (Pei and Weiss, 

1995). Secreted activate strornelysin-3 could potentially initiate a cascade of MMP 

activation which ends in the activation of MMP-9, however the exact biological activity 

of active (45kDa) stromelysin-3 remains to be investigated further. Substrates for 

stromelysin-3 include, serine protease inhibitors al-proteinase inhibitor (al-PI) and 02- 

antiplasmin (Pei er al., 1994). Degradation of al-PI, an inhibitor of elasuse, by 



stromelysin-3 may contribute to elastase mediated tissue damage (Pei er a!., 1994). 

Stromelysin-3 may also contribute indirectly to the increase in plasmin levels due to 

activity against &-antiplasmin (Pei rr al., 1994). This in turn can promote activation of 

resident pro-MMPs in the microenvironment. 

Although MMP-3, MMP-13, W1-MMP, plasmin and MMP-2 can all participate 

in activating p r o - W - 9  a couple of cautionary comments must be made. All of the 

activation assays were carried out in virro and we can only speculate as to what happens 

in the tissue. Also, due the heterogeneous nature of cancer cells and the surrounding 

microenvironment we don't know if all or any of these MMPs are present in any given 

case. Given that these W s  were present, attention must be given to the level of TIMPs 

in the tissue since activation of all MMPs can be prevented by these natud inhibitors. 

With these comments in mind. increased expression of MMP-9 has been shown to 

correlate with advanced stages of disease (Davies rr al., 1993). We have shown that 

eosinophils can release pro-MMP-9 in response to TNF-u, RANTES and IL-8, all 

mediators identified at breast carcinoma sites. There is also evidence that pro-MMP-9 

can be activated at tumor sites. Therefore, it is possible that extensive eosinophil 

recruitment to breast tumor sites, as seen by Samoszuk et al. (1996), could be 

contributing to the remodeling of the tumor microenvironment and perhaps increasing 

tumor progression. 
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Figure 5.10. Possible mechanisms of MMP-9 activation at breast carcinoma sites. 



53 Future Studies 

Our studies exclusively used TNF-a to stimulate MMP-9 release from 

eosinophils, however there are other cytokines present at breast carcinoma sites. It would 

be interesting to investigate the response eosinophils have to other Th type 1 cytokines 

found at tumor sites. In addition, it would be interesting to see if there are any synergistic 

effects of TNF with either IL-8 or RANTES in MMP-9 production. Pinpointing the role 

RANTES and IL-8 play in inducing MMP-9 release from eosinophils stimulated with 

supernatant from TNF-a-treated breast carcinoma cells could shed light on the role these 

chemokines play in other systems. 

Further investigation into the role eosinophils play in tumor progression would be 

very exciting. One experiment that could answer this question would be to incubate 

breast carcinoma cells with activated eosinophil-derived MMP-9 in a transwell coated 

with Matrigel and seeing if there is an increase miaption of breast carcinoma cells. Also, 

talung the above experiment but adding eosinophils alone or eosinophils with 

macrophages and then looking at tumor migration may provide insight into cooperative 

behaviour between leukocytes at the tumor site. 



Chapter Six: Summary 

6.1 Summary 

The aim of this thesis was to determine the molecular mechanisms involved in 

selective eosinophil recruitment at breast carcinoma sites and to reveal a functional role 

for eosinophils at tumor sites. Although we did not uncover eosinophil specific 

mechanisms of recruitment we took several steps forward in understanding the 

interactions between eosinophils and breast cancer cells. Breast tumor sites contain 

immunoreactive TNF-u. Using TNF-a we uncovered a number of novel findings in the 

course of these studies. 

Under the influence of TNF-u, breast carcinoma cells can upregulate the surface 

expression of VCAM- 1 and ICAM- 1. Constitutive expression of VCAM- 1 and ICAM- 1 

was found on MDA-MB-435S cells with a slight increase in expression upon TNF-C! 

stimulation. However, under conuol conditions BT-20 cells had minimal VCAM- 1 and 

I C M -  t expression, with a significant increase in expression after 24 hours of 

stimulation with TNF-CL P- and E-selectin expression was also investigated, but we did 

not detect the presence of these adhesion molecules on breast carcinoma cells. 

TNF-a-stimulated breast carcinoma cells were also shown to release mediators 

that could activate eosinophils and induce the release of superoxide. RANTES, MCP- 1 

and IL-8 released from TNF-a-stimulated breast carcinoma cells could potentially play a 

role in the recruitment of eosinophils, neutrophils and macrophages. Although we only 

showed that supernatant from TNF-a-stimulated breast carcinoma cells was chemotactic 

for eosinophiIs, it is possible that the abundant release of IL-8 could be attracting 

neutrophils and the presence of MCP-1 could be playing a role in attracting macrophages. 



A surprising finding was that TNF-a alone could directly stimulate eosinophils to 

release pro-MMP-9. Activation of eosinophil-derived pro-MMP-9 could potentially 

occur by a number of different mechanisms. Other l W s  such as MMP-2 and MMP-3 

have been shown to activate pro-MMP-9 and could possibly activate pro-MMP-9 in vivo. 

Plasmin has also been shown to activate pro-MMP-9 directly as well as reactive free 

radicals. This is particularly intriguing as these Supernatants also increase superoxide 

production by eosinophils. This could potentially serve as a means of pro-MMP-9 

activation. Once recruited into the tissue and to the tumor site, eosinophils could also be 

involved in the destruction of tumor cells. 

An aspect of tumor cell progression that we did not emphasize in the thesis is the 

process of angiogenesis. Most patients don't die from primary tumors, but from tumor 

metastasis. Angiogenesis or neovascularization is the formation of new blood vessels. 

The formation of these new blood vessels are required for primary tumors to grow 

beyond a certain size. They function to supply oxygen and nutrients needed for growth 

as well as a route for waste export. Certain chemokines, such as IL-8, have been linked 

with the formation of new blood vessels. An increase in MMP expression has also been 

linked to neovascularization and tumor progression. In this study we have shown that 

breast carcinoma cells release an abundant source of IL-8 and that eosinophils stimulated 

with TNF-cc can release MMP-9 into the environment. Due to the scope of this project, 

we didn't investigate the possibility of eosinophils contributing to the formation of new 

bIood vessels, however this would be a very interesting area to investigate due to the fact 

that mediators involved in tumor progression are present. 



These data suggest that activated breast carcinoma cells could be releasing 

chemokines like IL-8 to stimu [ate self growth and attract new blood vessels. Leukocyte 

infiltration could represent either a direct attempt by the immune system to clear the 

tumor or it alternatively could be just a side effect from the released chemokines. 

Furthermore once in the tumor environment, activated granulocytes release superoxide. 

This superoxide is normally used to clear pathogens, but here superoxide could serve to 

increase tumor growth and activate W s .  

6.2 Limitations 

Although this study provided insight into the role of eosinophils at breast 

carcinoma sites there were some recognized limitations to our experiments. First, the 

issue regarding the use of cell lines versus primary cells needs to be addressed. We used 

breast carcinoma cells lines as a mode[ for this study. There are advantages and 

disadvantages to both models. An apparent advantage to using primary cells is that 

samples can be obtained from a number of different patients at different stages of disease. 

This allows for useful comparisons between benign and metastatic tumors. However due 

to the difficulty in obtaining primary ceIls and the difficulty in propagating these cells in 

culture makes this a very difficult model to work with. Breast cancer cell lines are easily 

obtained and are easy to culture. However, late passage cells are routinely used and 

aIthough different laboratories use the same cell line clonal variation of the tumor cells 

may provide contradicting results. 

Another limitation involves the use of peripheral eosinophils versus elicited 

eosinophils in our studies. There are a number of studies that have shown that peripheral 

leukocytes are different from transmigrated Ieukocytes in the expression of adhesion 



molecuIes and chemokine receptors on their surface (Poon et a)., 1999; Lukacs er al., 

1999). Since we were looking at the effects of eosinophils and breast carcinoma cells it 

would have been ideal to use transmigrated eosinophils in our experiments rather than 

peripheral cells. From a technical stand point, isolating enough peripheral eosinophils for 

a given experiment is a bit difficult due to low percentages circulating in the blood. In 

order to obtain transmigrated eosinophils we would have to allow eosinophils to 

transmigrate through a boyden chamber for 2 hours in which we would retrieve only 

about 40% of the input eosinophils. This yield would be insufficient to then use in an 

experiment. 

Another limitation in this study was the fact that we primarily looked at 

recruitment mechanisms after the eosinophil had transmigrated through the endotheliurn. 

We didn't uncover any eosinophil specific chemokines that could be involved in selective 

recruitment however this does not necessarily mean that they don't exist. Selective 

recruitment may lie at the level of the endotheiium and with specific adhesion molecules 

expressed. Mechanisms for selective recruitment of eosinophils has been shown on L-4- 

stimulated endothelial cells (Patel, 1999). This interaction is mainly mediated by P- 

selectin and VCAM-I expressed on the endotheliurn Patel, 1999). Also, the possibility 

of other cell types in the tumor environment releasing eosinophil specific mediators can 

not be ruled out. 

in summary, from the initial observation in 1996 by Samoszuk et ai. (1996) we 

have uncovered possible mechanisms of eosinophil recruitment to tumor sites and 

possible roles that eosinophils may be playing in the tissue. Breast carcinoma cells can 

release eosinophii activators inducing chemotaxis, &granulation and the generation of 



superoxide. Adhesion molecules expressed on the surface may provide a final stop signal 

for the release of EPO. 
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