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To the memoI)' of my father,

in the hope that one day cancer and its metastases will become curable .
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ABSTRACT

Cell adhesions molecules (CAM) have oeen implicated in the process of

cancer metastasis. However. the interactions of metastatic tumor cells with organ

parenchymal cells - hepatocytes particularly the relevance of tumor ccii 

hepatocyte adhesion to liver metastasis is still not fuily understood. We have

investigated the role of tumor cell-hepatocyte interaction in liver metastasis using

liver metastatic subline H-59 of the Lewis lung carcinoma. A monoclonal antibody

lMAb) C-ll was produced which was highly specifie to liver metastatic H-59

cells. Our in vitro studies showed that this MAb and its F(ab)2 fragments could

block turnor H-59 ce11 adhesion to hepatocytes. The molecule detected by MAb C

11 on H-59 cells as weil as on hepatocytes was a 64-71 kDa plasma membrane

glycoprotein (designated C-II BP). We found that this molecule contains

approximately 43% ofN-linked carbohydrates which were not involv.~d in MAb C

11 recognition, but participated in the adhesion process. MAb Coll could also

block the stimulatory effeet of hepatocytes on tumor cell proliferation indicating

that the adhesion of H-59 cells to hepatocytes may be necessary for tumor cell

growth. The in vivo role ofthe Coll BP was subsequently tested and it was shown

that MAb Coll and its F(ab)2 fragments could significantly reduce the number of

hepatic metastases when used to p~etreat H-59 cells before intrasplenic injection,

or when inoculated directly into the animais by the intraperitoneai and intravenous

routes. This inhibitory effeet resulted in an increase in the survivai time of tumor

inoculated mice. In additional studies, a second molecule namely the membrane

associated endoplasmic reticulum protein ERp-72 was also implicated in the

adhesion of H-59 ce1ls to the hepatocytes, however its role in vivo remains to be

confirmed. Our results suggest that CAM involved in tumor-hepatocyte adhesion

play an important role in liver metastasis. Monoclonal antibody against turnor cell

surface adhesion molecu1es may potentially provide an effective therapeutic agent

in the clinical management of liver metastases when combined with traditional

therapy.
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RÉSUMÉ

Les molécules d'adhérence aux cellules sont impliquées dans le métastase

du cancer. Cependant, les intéractions des cellules de tumeur métastatiques

cancéreuses avec les organes parenchymals, en partic..dier la pertinence des cellules

de tumeur et l'adhérence des hépatocytes au foie, n'est pas encore compris

pleinement. Nous avons étudié le rôle de l'intéraction entre la cellule de tumeur et

les hépatocytes dans le métastase du foie en utilisant une ligne H-59 du carcinoma

de poumon I.e-.vïs. Un acticorps monoclonal (MAb) C-ll a été produit qui était

halitement spécifique au foie et aux cellules métastatiques H-59. Notre étude en

vitro a dem~!Itré que cet MAb et son F(ab)2 fragment pourraient bloquer

l'adhérence de la tumeur H-59 aux cellules des hépatocytes. La molécule détectée

par MAb C-ll sur les cellules H-59 ainsi que sur les hépatocytes était une fraction

64-71 kDa de la membrane de plasma glycoprotéine (désignée C-ll BP). Nous

avons trouvé que cette molécule contient à peu près 43'*1 de N-liés hydrates de

carbone qui n'étaient pas impliqués dans le procédé d'adhérence. MAb C-ll

pourrait aussi bloquer l'éffet stimulatoire des hépatocytes sur la prolifération des

cellules de tumeur indiquant que l'adhérence des cellcles H-59 aux hépatocytes

peut être nécessaire pour la croissance des cellules de tumeur. Le rôle en vitro du

C-ll BP a été etudié ultériorement et il a été démontre que MAb C-ll et les

fragments F(ab)2 pourraient considérablement reduire le nombre de métastases

quand on donne un traitement où le C-ll BP est inoculé dirèctement dans les

souris par des itinéraires intraspléniques, intrapéritoneales et intraveineux. Cet effet

prohibitif a résulté dans un accroissement du temps de survie des souris inoculées

de tumeur. Dans l'étude supplémentaire, une deuxième molécule, notamment la

protéine du réticulum endoplasmique ERp-72, a aussi été impliqué dans

l'adhéren..:e des cellules H-59 au hépatocytes, cepandent son rôle en vitro reste à

être confirmé. Nos résultats suggèrent que ces molecules d'adhérence impliqués

dans l'intéraction de la tumeur et les hépatocyte jouent un rôle important dans les

métastases du foie. Les anticorps monoclonals contre les molécules d'adhérences à

la surface des cellules de tumeur peuvent potentiellement fournir un traitement

éfficace thérapeutique dans la gestion clinique du métastase du foie quand il est

combiné avec la thérapie traditionnelle.
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PREFACE
,

/

This thesis is written in accordance to the "Thesis Specification" described

in "Guidelines for Thesis Preparation" by Facu1ty of Graduate Studies and

Research ofMcGill University:

Candidates have the option of including, as part of the thesis,

the text of one or more papers submitted or to be subrnitted for

publication, or the clearly-duplicated te:\.1 of the thesis.

If this option is chosen, connecting texts that provide

10gieaI bridges between the dilTeren t papers are mandatory. The

thesis must be written in such a way that it is more than a mere

collection of manuscripts; in other words. results of a series of papers

must be integrated.

The thesis must still conform to ail other requirements of the

"Guidelines for Thesis Preparation". The thesis must include: A

Table of Contents, an abstract in English and French, an introduction

which clearly states the rationale and objectives of the study, a

comprehensive review of the literature, a final conclusion and

summary, and a thorough bibliography or reference list.

Additional material must be provided where appropriate (e.g.

in appendices) and in sufficient detail to allow a clear and precise

judgment to be made of the importance a."Id originality of the research

reported in the thesis.

.In the case of manuscripts co-authored by the candidate and

others, the candidate is required to make an explicit statement in

the thesis as to who contributed to such work and to what

extent. Supervisors must attest to the accuracy ofsuch statemellts at

the doctoral oral defense. Since the task of the examiners is made

more diflicult in these cases, it is in the candidate's interest to make
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perfectly c1ear the responsibilities of ail the authors of the co

authored papers.

This thesis therefore includes two published papers included as Chapters II

and III of the thesis:

Chapter fi: Wang, 1., Fallavollita, L., and Brodt, P.: Identification ofa Mr 64000

plasma membrane glycoprotein mediating adhesion of tumor H-59 ceUs to

hepatocytes. Cancer Research. 51: 3578-3584, 1991.

This paper is reproduced from Cancer Research by copyright permission of

Amt ;can Association For Cancer Research, lNC. It presents our in vitro results.

Chapter ID: Wang, 1., Fallavollita, L., and Brodt, P.: Inhibition of experimental

hepatic metastasis by a monoclonal antibody which blocks tumor-hepatocyte

interaction. Journal oflmmunotherapy. 16: 294-302, 1994.

This paper is reproduced from Journal of Immunotherapy by copyright

permission of Raven Press, Medical and Scientific Publishers. It presents our in

vivo findings.

These two chapters are preceded by a general introduction and an

extensive literature review relevant to the subjeet matter in Chapter I. Additional

unpublished findings are presented in Chapter IV. A general surnrnary and

conclusions are presented in Chapter V.

The projeet was designed by Dr. Pnina Brodt. The author is responsible for

most of the experiments in these two published papers except for the

immunof\uorescence assay and sorne in vivo experiments which were performed by

Ms. Lucia Fallavollita.
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CONTRIBUTION TO ORIGINAL KNOWLEDGE

A new cell adhesion molecule expressed on tumor cells and hepatoeytes

and involved in tumor cell - hepatocyte interaction was identified and partially

characterized using a monoclonal antibody.

The adhesion molecule identified by the monoclonal antibody was

implicated in the growth promoting effeet which hepatoeytes e.xert on tumor cell

growth.

The monoclonal antibody and its F(ab)2 fragments did not only block the

adhesion of the tumor ceI:s to hepatocytes ill vitro, but also inhibited liver

colonization by the tumor cells. This in vivo inhibitory effect resulted in an

increased survivai time for antibody treated tumor - bearing animais.

A second membrane - associated molecu\e namely the endoplasmic

reticu1um protein ERp72 was a1so implicated in the tumor cell - hepatoeyte

interaction.

Together our data suggest that antibodies direeted to adhesion molecules

may have potential applications as effective therapeutic agents in the treatment of

liver metastases.
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Chapter 1: General Introduction

(review orthe literature)

1. Cancer invasion and metastasis

1.1. The c1inical significance of invasion and metastasis

Although some advances have been made in recent years in conventional

ehemotherapies and surgical techniques, metastasis is still the major cause of failure for

cancer therapy. In gastrointestinal cancer, metastasis is the single most important

determinant of death. Approximately 25% of patients with newly diagnosed colorectal

cancers have e\inically detectable metastasis at time of diagnosis (MeArdle et al., 1990).

At least 30-40% of the remaining patients whieh are diagnosed as elinica11y free of

metastases, aetually have non-detectable micrometastases. Ifa primary turnor is detected

early and removed before metastasis occurs, the cancer will be eradicated. On the other

hand, if even microscopie metastases or secondary turnors are already present at the time

ofdiagnosis, these metastases will grow and prove fatal (Hughes and Sugarbaker, 1987).

1.2. Mechanisms of invasion and metasta!:,)S

1.2.1. "Seed and soil" and mechanical hypotheses

C\inical observations have shown tbat metastases from different types of turnors

tend to occur in specifie target organs, with the most common sites of spread being the

lungs, Iiver, Iymph nodes, bone and brain. To explain this phenomenoD, two major

hypotheses have been proposed. In the nineteenth century, Stephen Paget (paget, 1889)
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proposed the "seed and soil" hypothesis, in which he postulated that different turnors were

predisposed to spread to particular tissues, on the basis of the tissue's (soil) ability to

support the growth of these tumors (seed). Another theory postulates that hemodynamic

factors name1y blood and lymph flow (i.e. mec\ul.nica1-anatomica1 factors) determine the

target organ site of metastases. The number of metastases in an organ is related to the

number of cells delivered into it by the blood and the number of cells that are arrested in

the capillaries. Thus the first organ encountered by tumor cells would be the site where the

highest number ofrnetastatic foci develop.

The evidences suggest that both rnechanisms are important as it has been observed

that tumor cells can either bypass proximal organs and selectively colonize specifie distal

organs (Sugarbaker, 1981), or if the tumor is wide1y spread. the first encountered organ

will be the most common site of metastatic colony formation (Tranberg and Bengmark,

1994). This suggests that both hemodynamic factors and the selective growth properties

of tumor cells in certain organs influence the distribution of rnetastases from human

tumors.

1.2.2. The metastatic cascade

The process ofmetastasis formation is a complex cascade ofevents, which include:

(A) detachment and re1ease of cells from the primary tumors and invasion of tumor cells

ioto surrounding stroma, (B) transport of tumor cells into the lymphatics or the

vasculature and survival in the circulation, (q arrest at new location, (D) attachment and

extravasation into the surrounding parenchyma and fina1ly (E) establishment of a new

growth at the new site (Hill, 1992) (Fig.l, page 28). To successfully deve10p into a
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metastatic deposit, a cancer cell (or group of ceIls) must successfully complete each stage

and survive to proliferate.

1.2.2. a. Detachment and invasion: Detachment- the first step of cell invasion and

migration, is associated with rapid turnor growth, and a reduction in cell-cell and ceIl

matrix adhesion duc to changes in the expression of normal adhesion receptors.

Mechanical stress and increased activity ofvarious proteolytic enzymes aIso contribute to

this process. Following detachment, turnor ceIls may be seen to invade the stroma,

migrate, and enter local blood vassels (mtravasation).

1.2.2. b. Transport and survivaI in the circulation: Following arrest in the first capillary

bed encountered (e.g. ::mg or liver capillaries), only 1-10%. cens will survived in the

circulation, that is, approximate1y 900/...99"/0 of ceIls are lost from their initial site

apparently as a result of ceIl death (Hill, 1992). The possible causes for ceIl death may

inc1ude mechanical stress in the smaIl blood vesse1s, poor nutrition, toxicity due to lùgh

oxygen levels in the blood and the action of host :"'umune effector ce11s such as

polymorphs, macrophages, or naturaI ki11cr (NK) ceIls.

1.2.2. Co Arrest st new location: Tumor ceIl arrest in the microvesse1s ofthe target organs

may be as..ociated with thrombus formation involving the interaction of the tumor ceIls

with plate1ets in the circu1ation (Gasic, 1984). Such thrombi might provide protection for

tumor ceIls against mechanical trauma due to the blood flow and against host ceIls.

Fibrinolytic enzymes such as plasmin which are produced or activated by the tumor ceIls

may cause breakdown ofthe thrombi releasing the tumor ceIls.
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1.2.2. d. Attachrnent and extravasation: Once turnor cells arrest in the vasculature of a

new site, they rnay anach and invade through the endothelial cell monolayer and the

basernent-membrane (BM) - like rnatrix (Liona, 1986). Turnor cells attach to the

endothelial cells via endothelial cell adhesion rnolecules such as ICAM-I. VCAM-I or E

selectin which recognize ligands such as LFA-I (for ICAM-I), VLA-4 (for VCAM-I) or

lectin-binding g1ycoproteins (for E-selectin) expressed on the turnor cells (see 1.3.1. c. e).

The anached tumor cells then extend pseudopodia into the endothelial cell junetions or

induce endothe1ial cell retraction, allowing access to the BM, and migration through the

extracellular rnatrix (ECM) (Fig. ID. page 28). Turnor cell adhesion to the BM is

mediated by cell-surface receptors such as integrins which interaet with different ECM

components including Iaminin, fibronectin (FN), vitronectin, type IV collagen, and

proteoglycans (Nicolson, 1988a). Finally the tumor cells produce various proteolytic

enzymes, such as urokinase-type plasminogen activator (uPA), different

metalloproteim.ses and cathepsins which contn1>ute to the digestion of BM proteins

(Liona, 1990, 1992). The secreted enzymes are activated by other proteases such as

plasmin, or by environmental conditions such as acidity to initiate their function. Turnor

cells (as well as normal cells) can l'lso produce enzyme inlu1>itors such as plasminogen

activator inlu1>itor (pAI-1 and PAI-2), tissue inlu1>itors of metalloproteinases (TIMP-I,

TIMP-2) and the cathepsin inlu1>itor stefin A (see 1.3.2). In tumor cells, the balance which

is maintained under normal physiological conditions between activated proteinases and

theïr inlu1>itors is disturbed, Ieading to cell invasion into the organ parenchyma.
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1.2.2. e. Establishment of new lesions: The ability of tumor cells to establish new foci in

an invaded organ is also related to the growth conditions in that organ inc1uding the

release by the organ of specific growth factors-the paracrine growth factors. A correlation

has been shown betWeen the ability of C" ..' :-derived factors to stimulate turnor growth in

vitro, and preferential metastasis to that organ in vivo (Long et al., 1994, 1995). Growth

factors such as IGF-1 (Long et al., 1994) and TGF-a. (Herlyn et al., 1990) as well as

growth modulating molecules such as transferrin (Rossi and Zetter, 1992) have been

implicated in organ-selective metastasis ofcancer cells.

1.3. Cellular events in tumor cell invasion and metastasis

1.3.1. The role ofcell adhesion cascades in leukocyte migration and cancer metastasis

Cell adhesion molecules have been irnplicated in numerous physiologica1 processes,

inc1uding embryonic and neural deve!opment (Edelman and Crossin, 1991), wound healing

and inflammation (Elices et al., 1994). During the cell.t1ar responses to inflammation,

leukocyte recirculatioD, migration and homing is mediated by interactions of leukocytes

with endothelial cells and the exttacellular matrix through specifie cell adhesion molecules

(Dianzani and Malavasi, 1995). Five families of major adhesion receptors, ineluding

integrins (e.g. LFA-1, VLA-4), cadherins (e.g. E-cadherin), the immunoglobulin

supergene family (lgSF, e.g. ICAM-1, ICAM-2 and VCAM-1), seleetins (e.g. L-, E-, P

seleetin) and mucin -like molecules (e.g. CD34, GlyCAM-1) as well as other molecules

sueh as CD44 have been shown to be involved in leukocyte migration and homing.
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Cytokines and chemoattractants can induce expression of some of these adhesion

molecules and therefore play a role in the regu1ation ofthese cascades.

Leukocyte - endothe1ial œil interaction norma1ly requires three sequential steps.

inc1uding: first, reversible "rolling" mediated by lectin-carbohydrate interactions involving

leukocyte or vascular seleetins and their oligosaccI-.aride ligand. This can be seen within

minutes after tissue injury as neutrophils begin to interact loosely with the venule walls

"rolling" along affeeted segments. Second. activation of rolling leukocytes by specific

chemoattractants or through cell contact - mediated signais capable of triggering

secondary adhesion molecules whose function is activation dependent, and third,

interaction between the activated adhesion molecule (e.g. integrin) and its counter

receptor (e.g. IgSF), leading to strong adhesion and arrest of leukocytes at a single

location on the vesse! wall and the initiation ofmigration, and finally extravasation through

endothelial cells junctions (Butcher, 1991). The IgSF receptor, PECAM-l expressed on

both leukocytes and endothe1ial cells appears to function during extravasation and binding

of~l integrins to ECM proteins is thought to contribute to invasion into underlying tissues

(Hynes, 1994).

Ce11 adhesion molecules also play a role in the processes of cancer invasion and

metastasis sinœ cancer metastasis entails a series of detachment and attachment events

which are based on different cell-ce11 and cell-ECM interactions (see 1.2.2.). These œil

adhesion molecules set as both positive and negative regulators and thus play a critica1

role in tumor ce11 migration and metastasis formation. Severa! examples of adhesion

molecules which are involved in cancer invasion and metastasis are listed be1ow.
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1.3.1. a. Integrins

Integrins are heterodimerie glycoproteins, consisting of two noncovalently

associated - a. and 13 subunits that cao combine to form distinct receptors. The integrin

subfamilies are defined by a common 13 subunit. The receptor has a large extracelluJar

domain, a transmembrane domain and a cytoplasmie domain (Ruoslahti, 1989) whieh links

the internai cytoskeletal network of the cell 'with the extracelluJar environment. The

extraeellular domain cao bind to a range ofligands both on other cells (cell-cell adhesion)

and on ECM proteins (cell-substrate adhesion) sueh as collagen, laminin, fibronectin,

vitronectin and thrombospondin.

In the early stages of turnor grewth the decrease or 1055 of integrin expression

may promote turnor cell detaehment from the primary site. When the cells penetrate the

adjacent ECM and blood vessels, increased expression of specifie integrins MaY facilitate

turnor interactions with vascular platelets or leukocytes (Rao, 1992) and MaY mediate

turnor cell arrest and extravasation.

A relationship between integrin expression and the metastatie potential of cancer

cells has been demonstrated in several turnor systems. Sorne ofthese findings are listed in

table 1 (page 29). Several studies have shown that during progression ofturnor cells from

low to high metastatie potentia!, the expression of specifie integrins on turnor cells MaY

change and this MaY facilitate interactions ofturnor cells with platelets (a.ITbI33), leukocyte

(a.LI3z), endothelial cells (<X4131) and specifie ECM proteins sueh as collagen (0.2131>,

laminin (0.2131. <X(134), FN (0.3131, 0.5131. av133) and VN (av133) (table 1). However,

evidence has also been presented that integrin expression can he inverse1y correiated with
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the invasive potential of cancer œil lines suggesting that sorne integrins such as ll2131.

ll3131. <X4131 and ll5131 could also play a negative role in œll invasion and metastasis (table

1, page 29).

Integrins may also cooperate with proteolytic enzymes or with other adhesion

receptors to mediate metastasis. It was found that metastases-derived melanoma cells

wlùch expressed Iùgh levels of llv133 on the œil surface, also expressed elevated levels of

the urokinase p\asminogen activator receptor (uPAR). Furthermore, <Xv antisense

phosphorotlùoate oligonuc\eotides wlùch suppressed llV synthesis, could also reduœ

uPAR rnRNA leve\s by approximate\y 50%. Ligation of the <Xv133 receptor on me\anoma

cel\s by immobilized antibody resulted in increased expression ofuPAR rnRNA, indicating

that expression of llv133 on me\anoma cells is coordinated with expression of uPAR (Nip

et al., 1995). Other studies have shown that the expression type IV collagenase on Iùghly

invasive metastatic me\anoma cells can be regulated by integrins llv133 and ll5131'

Antibodies to <Xv133 or anti-a5131 could increase type IV collagenase expression indicating

that signaling via these receptors may regu\ate me\anoma œil invasion (Seftor et al., 1992,

1993). An inverse correlation between integrin and CEA expression was demonstrated in

colorectal tumor cells (Nigam et al., 1993), and it was also shown that CEA transfectants

had a siguificantly reduced expression of 131 and <X6 integrin subunits as weil as a down

modulation ofE-cadherin expression when compared to the parental cell line.

1.3.1. b. E-Cadherin

E-Cadherin also known as L-CAM or uvomorulin, is a transmembrane

glycoprotein ofepithe\ial cel\s, wlùch is ea-++-dependent homotypic intercellu\ar adhesion
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molecuIe. In vitro gene transfection experiments gave rise to the notion that Ioss of E

cadherin expression might be related to the invasive capacity as we1I as metastatic

potential oftumor ce1Is (Giroldi et al., 1992)

There are a number of studies suggesting that expression of E-cadherin is

negatively correlated with the metastatic potential of different œncers. This inverse

correlation was observed when biopsies of different cancers such as human prostate

carcinoma (Umbas et al., 1992), head and neck squamous-ce1I carcinoma (Sclüpper et al.,

1991), colorecta1 carcinoma (Van der Wurffet al., 1994) and renal ce1I cancer (Katagiri et

al., 1995) were tested. E-cadherin bas been found to have anti-invasive properties in vitro

in different ce\ls. For example, when non-metastatic Madin-Darby canine kidney (MDCK)

epithelial ce11s were treated with a MAb to E-cadherin, these ce1Is gained an invasive

capability in vitro (Behrens et al., 1989). It was aIso found that E-cadherin is often absent

in various de-differentiated human carcinoma ce11s and that the in vitro invasiveness of

these ce1Is was abrogated after re-expression of E-cadherin by transfection ofE-cadherin

cDNA (Frixen et al., 1991). Inhibition ofE-cadherin with antibody or deletion of the E

cadherin gene increased tumor ce11 moti1ity, invasion and metastatic potential and on the

other band, transfection of Iüghly metastatic ce11s with E-cadherin gave rise to 10w

metastatic potential ce\ls (Giroldi et al., 1992).

The role of E-cadherin in cancer metastasis is still under investigation. Since

decreased expression ofE-cadherin is considered to e1icit detaehment oftumor ce\ls trom

primary lesions- the first stage ofmetastasis, E-cadherin depletion may be one mechanism

of increased ma1ignancy (Schïpper et al, 1991). E-cadherin-associated proteins, namely
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the catenins, wlüch link the cytoplasmic end of E-cadherin to components of the

cytoskeleton may alse be involved (Kemler, 1993). An inactive catenin molecule may lead

to dysfunction ofE-cadherin and thus increase the invasion oftumor cells.

1.3.1. Co Irnmunoglobulin superfamily

The immunoglobulin superfamily (IgSF) consists of a group of molecules that

share a common structure, the immunoglobulin-homology unit, wlüch consists of a length

of 70 - 110 amino acids forming l3-pleated sheets (Hynes, 1994). Among the molecules

wlüch belong to t1üs family are major Iüstocompatibility antigens, the T-cell receptor, the

platelet-derived growth factor receptor, and colony-stimulating factor-l receptor as well

as ceIl surface receptors involved in ceIl adhesion such as neural cell adhesion molecule

(NCAM), vascular ceIl adhesion molecule (VCAM), interce1lular cell adhesion molecule

(ICAM) and carcinoembryonic antigen (CEA). These molecules play important roles in

ceIl-cel1 recognition, neural development, leukocyte trafficking, signal transduction, as

wel1 as regulation ofcancer metastasis.

The members ofthe IgSF family wlüch have been implicated in tumor metastasis

including CEA, ICAM-l, NCAM, and VCAM will be briefly reviewed here.

1.3.1. Co (a).~ is a 180 kDa oncofetal g1ycoprotein originally round in the serum of

patients with colon carcimoma In vitro, CEA can mediate the Ca+l--independent,

homotypic aggregation ofcolon carcinoma cells. It was also found that CEA may mediate

colon carcinoma ceIl-matrix binding (Pignate11i et al., 1990a). Other investigators have

shown that colorectal carcinoma ceIls at the invading edge express more CEA mRNA than

Iuminal surface tumor cel1s, indieating that CEA may function either as an epithelial ceIl
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adhesion protein or as an anti-adhesion protein depending on whether it is cell surface

bound or secreted (Jothy et al., 1993). CEA may also enhance the metastatic potential of

colorectal carcinoma cells by promoting attachment of tumor cells to the liver Kupffer

cells and hepatocytes (Hostetter et al., 1990). Recent findings suggest that CEA may

mediate tumor adhesion by downregulating integrin and cadherin expression (Nigam et al.,

1993). This would result in increased tumor cell detachment from the primary site in the

early stage of dissemination. Recently, Majuri and bis colleagues reported that CEA is

expressed on the endothelial cells surface suggesting that CEA expressing

adenocarcinomas could adhere to endothelial cells via a CEA-CEA interaction, and

implicating CEA in tumor cell extravasation and metastasis (Majuri et al., 1994).

1.3.1. Co (b). /CAM-l: is expressed on endothelial cells as weil as on a variety ofother cell

types. It mediates a wide range of adhesive interactions together with its ligand, the

lymphocyte function-associated-l antigen (LFA-l) within the immune systetn (Springer,

1990). ICAM-l is also involved in malignant diseases. Increased expression ofICAM-l on

me1anoma cells was shown to correlate with progression and an increased risk of

metastasis (Natali et al., 1990). Furthermore, enhanced metastatic ability of TNF-a. 

treated malignant me1anoma cells is reduced by ICAM antisense oligonuc1eotides (Mie1e et

al., 1994). ICAM-l bas also been implicated in liver invasion by lymphoma cells as it was

found that lCAM-l expressed on hepatocyte cell surface could interact with LFA-l on

lymphoma cells (Meijne et al., 1994). In contrast, metastatic human renaI carcinoma cells

were found to express less lCAM-l than the primary tumor cells as determined by

immunohistochemistIy (Heicappe1l et al, 1994).
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1.3.1. Co (c). NCAM: is a Ca++-dependent homotypic and heterotypic cell-cell adhesion

molecu1e that is expressed primarily on cel1s of neural and mesenchymal origin (Chuong

and Ede\man, 1984). The funetion ofNCAM in cancer metastasis remains the subject of

controversy. It bas been shown that NCAM expression is downregulated in migrating

cells. As weIl, loss ofNCAM expression in a mouse fibroblast cellline after transformation

correlated with loss of contact inhibition of growth (Aoki et al., 1991). This provided

evidence for the potential involvement ofNCAM downregulation in tumor development.

However, other Iines ofevidences indicated that NCAM expression is positively correlated

with the neoplastie potential of sorne tumors of neural, mesenchymal and neuroendocrine

origin inc1uding Wilms' tumor and pituitary adenoma cells where it was deteeted by

immunohistochemistry (Tm et al., 1991; Edelman and Crossin, 1991). It has been reported

that NCAM expression was significantly increased in aggressive, rapidly metastasizing

uveal melanoma primary tumors and in their metastases. This study also found that the

NCAM isofonns, lacking the HNK-l epitope, may be associated with the organ - specifie

metastatie behavior ofuveal melanoma since in liver metastases HNK-l immunoreaetivity

was significantly reduced compared to NCAM (Mooy et al., 1995). High NCAM

expression on smalI cell lung cancer was also found to correlate with poor response to

ehemotherapy and short disease-free and overall survival suggesting a role for their

receptor in disease progression (Segawa et al., 1993). Therefore NCAM may play both a

negative and positive regulatory funetion in malignant disease depending on the specifie

cell type•
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1.3.1 Co (d). VeAM-): is expressed on vascular endothelial ceIls in response to induction

by different cytokines and it serves as a receptor for VLA-4 (Ct4~1 integrin) which could

be expressed on leukocytes as weIl as on malignant ceIls (Elices et al., 1990). The

VCAM-l - VLA-4 interaction bas been found to play a role in severa! tumor œIl

endothelial and lor stromal ceIl interactions, such as the interaction between melanoma and

lung vascular endothelial ceIls (Okahara, 1994), between renal ceIl cancer ceIls and human

umbilica\ vein endothelial ceIls (HUVEC) (Tomita et al., 1995; Steinbach et al., 1996) and

between leukemia Ilymphoma cells and human marrow stromal cells (Juneja et al., 1993).

MAb to VLA-4 orto VCAM-l could inluoit TNF-a. induced enhancement of the VLA-4

VCAM-l interaction in aIl ofthese models. The function ofVCAM-l in cancer metastasis

may be as an endothelial adhesion receptor for those turnor cells which express the <Li~1

integrin, thus facilitating metastatic dissemination. Recent studies have shown however

that VLA-4 may act to inluoit melanoma invasion and metastasis suggesting that the

contnoution ofthis receptor may be complex (Qian et al., 1994).

1.3.1. d. CD44

CD44 is a highly glycosylated ceIl membrane glycoprotein which is widely

distnouted on a variety of cell types, inc1uding hemopoietic, lymphoid and epithelial ce1ls

as weIl as malignent ceIls. The major function of CD44 is regu1ation of lymphocyte

adhesion to high endothelial venules (HEV) during lymphocyte migration (Stoolman,

1989) by mediating ceIl adhesion to hyaluronate and matrix proteins (East and Hart,

1993). CD44 can also interact with osteopontin and may be involved in mediating

migration of lymphocytes and monocytes out of the blood-stream into sites of



•

•

14

inflammation. Tlûs CD44 - osteopontin interaction may aIso be regulating metastases

formation by neoplastic ceUs (Weber et aI., 1996).

The CD44 protein can be elI.llressed in isoforms resulting from mRNA aIternative

splicing that allows variant ceUs to exclude or include specific segments of mRNA in the

final transeript, thus fonning a family of related proteins from a single gene (East and

Hart, 1993). CD44 variants (CD44v) has been implicated in cancer metastasis by studies

with animaI models which showed that CD44v confers a metastatic phenotype on non

metastasizing rat pancreatic Cl\) cinoma ceUs (Gunthert et aI., 1991). The e.xperimentaI

evidence aIso includes the finding that melanoma clones expressing high levels of CD44

exlu1>ited increased metastatic potentiaI (Birch et aI., 1991) and that anti-CD44 MAb

which blocked binding of human melanoma ceUs to hyaIuronic acid in vitro, aIso inhibited

the growth and metastatic potentiaI of tumor ceUs in vivo (Guo et aI., 1994).

Overexpression of the standard as weil as of specific splice variants of CD44 has been

associated with metastasis in a range ofhuman tumors such as colorectal cancer (Takeuchi

et aI., 1995), gastric adenocarcinomas (Hong et aI., 1995), cervical cancer (Kainz et aI.,

1995) and ovarian cancer (Gardner et aI., 1995).

The mechanism underling CD44 mediated upregulation of metastasis is stiU not

fuIIy understood. The evidence showed that the MAb to the metastasis-specific domain of

the CD44v molecu\e could effectively prevent formation of metastases by the transfected

cells (Seiter et aI., 1993). Tlûs MAb interfered with pro1iferation of metastasizing tumor

cells in the draining Iymph nodes, probably by directly blocking the interaction with a

putative ligand The poSS11>i1ity that expression ofCD44 by tumor cells can lead to signal
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transduction mechanisms which are triggered by binding to hyaluronic acid and are

metastasis-promoting can not at present be ruIed out (Shimizu et al., 1989).

1.3.1. e. E-selectin

Selectins are a family of Ca++-dependent transmembrane g1ycoproteins which

contain aN-terminai lectin-like domain. These membrane proteins are normally expressed

on leukocytes (L-selectin), platelets (P-selectin) and endothelial cens (E-selectin). They

are involved in leukocyte migration and lymphocyte homing in the process ofinflammation

and metastasis (Bevilacqua and Nelson, 1993). Among them, E-selectin (or ELAM-l) was

mos! strongly implicated in cancer metasta5Ïs. It can bind to carbohydrate determinants

expressed on red blood cells (phillips et al., 1990) or on the tumor cen surface (Walz et

al., 1990).

It has been reported that the carbohydrate antigen SLeX is highly expressed on

colorectal carcinoma cells which are able to bind to cytokine-activated HUVEC ( human

umbilical vein endothe1ial cens) and this binding can be inhibited by an anti E-selectin

antibody (Lauri et al., 1991). Recently, Steinbach et al demonstrated that SLeX and VLA

4 are expressed on renaI cell carcinoma (RCC) cell lines. Blocking studies with MAbs

directed to SLeX or VLA-4 on tumor cells and E-selectin or VCAM-l on endothe1ial cens

markedly inhibited tumor cell adhesion to cytokine - stimulated HUVEC. Their resu1ts

indieated that these molecu1es may play an important role in the ability of RCC cells to

metastasize (Steinbach et al, 1996).

Carbohydrates other !han SLeX may aIso be important for E-selectin -mediated

adhesion. An anb1xxly to the Lewis Fucosylated Type 1 carbohydrate chain was shown to
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block colon carcinoma cell adhesion to IL-l activated endothelial cells and inhibited tumor

cell retention in lungs of IL-l treated animals suggesting that cell adhesion to ELAM-I

may be mediated by different cell - type specific carbohydrate ligands (Dejana et al.•

1992). The sialyl Lewis a (SW), another ligand for E-selectin was also implicated in

cancer metastasis. It was found that the increase in adhesion of pancreatic carcinoma cells

to cytokine - ( IL-l ~ and TNF-a) activatt:d endothelial cells is blocked by anti-E-selectin

and anti-SLea antibody. This suggested that the adhesion was mediated by SLea on the

pancreatic carcinoma and E-se1ectin on the endothelial cells (lwai et al., 1993).

E-selectin was also found to be expressed on hepatic sinusoïdal endothelial cells

stimulated by TNF-a (Brodt et al., submitted). The anti-E-selectin antibody could

significantly block the cytokine dependent adhesion of H-59 cells as well as human

colorectal carcinoma HM:-7 cells to a hepatic sinusoidal endothelial cell line ill vitro, and

could also inhibit liver colonization by H-59 cells in vivo. It was found that a mucin

associated carbohydrate structure with fucose and sialic acid in the terminal position was

involved in this adhesion. It is most likely that the E-selectin-carbohydrate interactions

may play a fundamental role in initiating hepatic arrest of colon carcinoma cells and the

formation ofliver metastases.

1.3.2. ECM degrading enzymes in cancer invasion and metastasis

1.3.2. a. ECM

The ECM is the fibrous network of proteins and g1ycoproteins which separate the

different tissue compartments and form BM structures. It is impenetrable to cells and

macromolecu1es under normal physiological conditions. The major constituents of the
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ECM are collagen (type IV for epithelial and endothelial BM), elastin, fibronectin,

hyaluroIÙc acid, lamiIÙn, heparan sulphate proteoglycan, thrombospondin, and vitronectin

(Mignatti and Rifkin, 1993). The BM type ECM is generalIy the first barrier for carcinoma

cell invasion following cell detachment from the primary site. Interactions between tumor

cells and the ECM also oceur at later stages in metastasis induding intravasation and

extravasation (see 1.2.2. d). Therefore the proteolytic degradation of ECM by different

protenases is critical for the metastatic process.

1.3.2. b. ECM-degrading enzymes

The enzymes implicated in ECM degradation and invasion indude: matrix

metalloproteinases (MMPs) such as MMPI, MMP2 and MMP9; serine proteinases such

as tissue and urokinase plasminogen activators (tPA, uPA) and plasmin; and cy5teine and

aspartic lysosoma! proteinases such as cathepsin B, L and D. Turnor cells may produce

one or more of these proteolytic enzymes or they may activate adjacent stroma! cells to

produce the enzymes resulting in bath instances in degradation of ECM and tumor

invasion (Mignatti and Rifkin, 1993).

Nurnerous studies demonstrated that MMPs (particularly MMP2, MMP9),

cathepsins (cathepsin B and L) as weil as plasminogen activators are involved in tumor

invasion and metastasis. Here, the relevant enzymes involved in Iiver metastasis of tumor

H-S9 cells will discussed.

1.3.2. b. (a). MMPs

MMPs are the main physiological mediators of matrix degradation. They are

secreted as zymogens and must be activated extracellularly. The major members of tbis
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family are collagenases and stromelysins as well as the recently described matrilysin,

metalloelastase and MT-MMP (membrane-type matrix metalloproteinase, lIi1MP-XI) (Ray

and Stetler-Stevenson, 1994). They are Zinc-dependent endopeptidases which differ in

their substrate specificity and may degrade different components of the ECM. The activity

ofthe metalloproteineases is regulated by a family of natural inhibitors known collectively

as tissue inhibitors of metalloproteinases (TIMPs 1-3). Under normal physiological

condition, TIMPs maintain a stable level of proteolysis. In addition, the expression and

function of the metalloproteinase are regulated by growth factors, oncogenes, and

hormones at the transcriptionallevel (Birkedal-Hansen et al., 1993), whereas plasmin may

regclate metalloproteinase activity post-translationally (He et al., 1989). Any interruptions

ofMMP regulation induced by tumor or other factors will result in excessive degradation

ofECM and facilitate invasion and metastasis.

One member ofthe MMP family, gelatinase A is widely involved in tumor invasion

and metastasis. Since it was aise identified as a mediator of tumor H-59 invasion, it is

discussed in more detail here.

Gelatinase A, aise known as MMP-2 or the 72 kDa type IV collagenase, mainly

degrades BM collagen type IV. It is regulated by TIMP-2 which can form a complex with

either the latent or activated forros of the enzyme (Howard et al., 1991). A variety of

studies have indicated that gelatinase A expression is increased in seme malignant cells and

is positively correlated with invasion and metastasis of various tumors, such as ovarian

carcinoma (Autio-Harmainen et al, 1993), colonic adenocarcinoma (Levy et al., 1991)

and oral squamous cell carcinoma (Kusukawa et al., 1993). Furthermore, transfection of
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the ras oncogene into embryo fibroblasts could induce these cells to secrete high levels of

type IV collagenase and exhibit a high incidence of spontaneous metastasis in nude DÜce

(Garbisa et al., 1987). Tumor H-59 cells have been shown to secrete high leveis of the 72

kDa geiatinase (Brodt et al., 1992), but produce low levels of endogenous TIMP-2.

Invasion ofH-59 cells through matrigel could be blocked by adding TIMP-2 to the culture

(Navab et al., 1995) suggesting that gelatinase A is involved in H-59 ce1Is invasion

through matrigei.

The expression of geiatinase A in tumor cells can be stimulated by ligation of

integrins cx.l3J and C1SJ31 (Seftor et al., 1993), by growth factors such as TGF-J31 (Brown et

al., 1990) and by tumor cell derived collagenase-stimulatory factor (TCSF) (Kataoka et

al., 1993). The activity of geiatinase A is normally regulated by TIMPs (Howard et al.,

1991), but it was also found to be regulated by other factors such as a ce1I membrane

associated activator (Brown et al., 1993) and a membrane-type matrix metalloproteinase

(MT-MMP) (Sato et al., 1994), which can activate pro-geiatinase A thereby leading to

increased degradation ofBM components and enhanced tumor cell invasion.

1.3.2. b. (b). The Cathepsins

Cathepsins are lysosomai endopeptidases found in most cells. They include

cathepsins B, H, L, S (cysteine proteinases), cathepsin D (aspartic proteinase) (Twining,

1994). Among them, the cathepsins B, L and D have been implieated in tumor

progression. Since tumor H-59 cells also express cathepsin L (high levels) and cathepsin B

(low !eve1), theira~tywill he briefly reviewed.
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Cathepsin L <CU:

CL is an endopeptidase which can degrade ECM components, such as collagen.

proteoglycan and elastin (Guinee et al., 1993). High levels of CL are present in many

hurnan tumors, and are thought to contnoute to biochemical processes underlying tumor

metastasis. CL expression has been detected in hurnan tumors such as kidney and

testicular tumors, non-small cell carcinoma of the lung as well as cancers of the breast,

ovary, colon, bladder, prostate and thyroid using slot blot or northem blot analyses

(Chauhan et al., 1991). It has also been reported that CL expression was increased in a

highly metastatic hurnan breast cancer cell line as compare to a poorly metastatic cell line

(Scaddan and Dufresne, 1993). An antloody against CL reduced murine myeloma cell

growth (Weber et al., 1994). In ras-transformed, metastatic NIH 3T3 cells a good

correlation was found between the levels of ras and CL expression (Chambers et al.,

1992).

In sorne cells, increased expression of both CL and ca was found (Chambers et

al., 1992). This isalso shown fortumorH-59 cel\s which express high levels ofCL mRNA

and lower levels ofCB mRNA (Brodt et al., 1992). A cysteine proteinase inhibitor (E-64)

could efficiently block invasion ofH-59 cells in vitro and the formation ofiiver metastases

(Navab et al., 1995). Since cysteine proteinases can be involved in proteolytic cascades

where they activate other proenzyme such as pro-urokinase (Schmitt et al., 1992), it is

pOSSlole that in H-59 cells, CL is required for activation of other enzymes such as

gelatinase A (1.3.2. b. (a) ), thereby playing an indirect role in tumor invasion -;md

metastasis rather !han directly mediating proteolysis of the ECM (Guinee et al., 1993).



•

•

21

Recently, Morris and colleagues reported that mammary carcinoma cells expressing CL

showed a greater ability to nügrate to form nücrornetastases after extravasation (Morris et

al., 1994), indicating that CL may play a critical role in tumor cell nügration and growth in

metastasis formation.

Cathepsin B (CB);

CB is the most extensively studied Jysosomal cysteine proteinase. Similar to CL, it can

a1so degrade various proteins present in the ECM, such as proteoglycans, FN and collagen

(Guinee et al., 1993). Many investigators have demonstrated a correlation between

increased expression or activity of CB and increased metastatic capability of animal or

human malignancies, such as melanoma (SJoane et al., 1986), human Jung adenocarcinoma

(Ozeki et al., 1993), human breast carcinoma (Scaddan and Dufresne, 1993) and human

colon cancer (Emmert-Buck et al., 1994). Increased expression of CB and decreased

activity of the inlubitor were a1so found in ras-transformed metastatic NIH 3T3 ce11s

(Chambers et al., 1992). The function ofCB in tumor invasion and metastasis is similar to

CL narnely it can directly degrade the ECM (Kobayashi et al., 1993) and in addition, it can

a1so cooperate with other proteinases such as interstitial collagenase (Sires et al., 1995).

As discussed above, H-59 ce11s express bath CB and CL as we11 as high levels of

gelatinase A These enzymes may cooperate in degrading BM or ECM during H-59

metastasis (Brodt et al., 1992).

1.3.3. The role ofgrowth 1àctors in organ-preference ofmetastasis

The growth ofcancer cells in particular secondary sites may aIso be regulated by

their ability to respond to local paracrine growth 1àctors as we11 produce and respond to
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autocrine growth factors. Severa! growth factors have been identified which play a role in

autocrine or paracrine growth regulation of tumor ceUs inc1uding earcinoma H-59.

1.3.3. a. Autocrine growth factors

Some cancer cells grown in vivo and tumor cell lines maintained in vitro have the

capacity to produce multiple growth factors which can both affect the surrounding host

cells and promote tumor ce1l growth (Nicolsoll, 1993). Autocrine growth stimulation can

oceur either through an extema\ autocrine loop name\y the growth factor is secreted by

the tumor ce1ls and interacts with the receptor extracellularly, or through an internai

autocrine loop where the interaction between the growth factor and the receptor occurs in

an intracellular compartment (Browder et al., 1989). Severa! growth factors such as the

plate\et-derived growth factor (pDGF), epiderrnal growth factor (EGF), transforming

growth factor (TGF), members of the fibroblast growth factor (FGF) family and insulin

Iike growth factor-l (lGF-l) have been implicated in autocrine stimulation of tumor

growth.

It bas been shown that as tumors progress to more malignant or more metastatic

phenotypes, they become less dependent on serum-derived growth factors for their growth

in vitro (Yee et al., 1988) anll begin producing growth factor themselves (Rodeck and

Herlun, 1991), suggesting that autocrine growth mechanisms may be involved in

metastasis formation. This was also demonstrated by studies with a highly metastatic 3LL

subline which was shown to produce high leve\s ofthe growth factor TGFJ31 mRNA. The

authors postulated that this factor plays a role as a autocrine growth regulator for 3LL

metastases (perrotti et al, 1990).
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Gene transfer techniques have been used to test for the involvement of autocrine

growth mechanisms in metastases formation. For exarnple, the ras-transfected MCF-7 cells

were tumorigenic in the absence ofestrogen and secreted elevated levels ofTGFa, TGF/3

and IGF-l without a change in their growth factor receptor numbers (Dickson et al.,

1987). Conditioned medium from MCF-7 ras cells as weil as!Wo ofits component growth

factors IGF-l and TGF-a. replaced estrogen in stimulating MCF-7 colony formation.

Another study showed that NIH-3T3 cells transfected with bFGF gene contaÏning a signal

peptide coding region, acquired the ability to form experimentallung metastases after i.v.

inoculation (Egan et al., 1990). This was not seen with cells transfected with bFGF lacking

the signal peptide. These evidences support the concept of autocrine induction of the

metastatic phenotype.

1.3.3. b. Paracrine gro....th factors

Sorne cancer cells express growth factor receptor and respond to paracrine growth

factors secreted by host cells. The ability of tumor cells to metastasize to specific organ

sites bas been shown to be regulated by their response to organ-derived growth factors.

One line of evidence cornes from work by Nicolson and bis group. Using murine B16

melanoma cells they found that the lung and ovary-colonizing sublines of the B16

melanoma were responsive in vitro to growth-promoting factors released by the target

organ tissue such as lung and ovary (Nicolson and Dulski, 1986). It was also shown by

Radinsky et al that non-metastatic and highly metastatic human colon carcinoma (HCC)

cells could grow at a local site, but growth in the secondary site (i.e. the liver) was seen

only with highly metastatic HCC cells (Radinsky, 1993).
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Severa! growth factors which act as paracrine growth factors have been identified

such as EGF, PDGF and IGF-l. PDGF was found to be abundantly e:::pressed in lung

conditioned media. It v,,-as shown to specifically induce in vitro the growth of the highly

metastatic subline DI22 celIs of earcinoma 3LL (Fitzer-Attas et al., 1993). Transferrin

(Tf) is an iron transport protein necessary for the in vitro growth of many different cell

types. It bas been identified as a growth stimuiator for lung metastatic cells in lung 

conditioned medium (Cavanaugh and Nicolsen, 1991). It was alse found in bone - marrow

organ cultures. Purified Tf markediy stimuiated the proliferation of prostatic earcinoma

celIs which are typically metastatic to bone (Rossi and Zetter, 1992). IGF-l has alse been

identified as a paracrine growth factor for liver metastatic earcinoma subline H-59 cells

(Long et al., 1994, 1995). In the latter study, IGF-l could be deteeted in hepatocyte

conditioned medium (HCM), and the IGF-l receptor was found to be expressed on H-59

cells. When HCM was added to serum-deprived cells, IGF-l could stimulate the

proliferation ofH-59 cells, but not ofM-27 cells which are a 3LL subline melastatic to the

lung (Long et al., 1994). Furthermore, transfection of H-59 cells with a plasmid veetor

expressing IGF-IR cDNA in the antisense orientation, which caused a 1055 of tumor cell

ability to respond to IGF-l in vitro, lead to 1055 of the rnetastatic ability in vivo (Long et

al., 1995) indicating that IGF-l plays a role as a paracrine growth factor in the reguiation

ofH-59 metastasis to the Iiver.
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1.3.4. Cell surface N-linked (Asn-Iinked) carbohydrates and metastasis

1.3.4. a. Classification ofglycoproteins

Glycoproteins are c1assified according to the nature of linkage between the

carbohydrate sidechain and the protein backbone. The major linkages found in membrane

glycoproteins are the N-glycosidic linkage between asparagine and N-acetyl-glucosamine

(Asn-linked, or N-linked) and the O-glycosidic linkage, between serine or (threonine) and

N-acetyl-galaetosamine (O-linked) (Schachter et al., 1985). N-G1ycosides are more

commonly found in mammalian glycoproteins than O-glycosides, but single glycoproteins

may have multiple chains, sorne of which are O-glycosides and sorne of which are N

glycosides. The synthesis of the oligosaccharide sidechains is catalyzed by a series of

enzymes known as glycosyl transferases. N-linked oligosaccharides can be removed

enzymatically by treatment with N-G1ycosidase F (Tarentino et al., 1985).

1.3.4. b. Carbohydrates and metastasis in general

Glycoconjugates (gIycopreteins and glycolipids) are known to be essential

components of plasma membranes of ail mammalian ceIIs (Lehninger, 1984). The

carbohydrate moieties of glycoconjugates are involved in many ceII surface phenomena,

including antibody and lectin binding and cellular adhesion and recognition (Brandley and

Schnaar, 1986). Changes that take place in the surface carbohydrate structures are thought

to play an essential role in normal cellular differentiation and to influence the metastatic

potential of cancer ce1Is. The study of these changes bas been greatly fàcilitated by the

advent of hybridoma technology (Kohler and Milstein, 1975) which bas aIIowed the

production of a range of highly specifie MAbs for the detection of c10sely related
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carbohydrate structures expressed during embryogenesis, differentiation and oncogenesis

(Feizi, 1985).

It bas been weIl documented that cell surface carbohydrate-containing structures

and also changes in these structures are involved in tumor cell and host cell interaction

during the process oftumor metastasis both in human and in experimental animal models.

These changes include increased expression of 13,1-6 -branched asparagine-linked

oligosaccharides in human colon carcinoma ceIls (Laferté and Lob, 1992), the increase in

expression ofthe Lewisx or sialyl- diameric lewisx antigen on metastatic mouse or human

colon carcinoma ceIls (Kawakami et al., 1994; Matsusbita et al., 1991) and increased

content ofsialic acid in Friend leukemia ceIls (Benedetto et al., 1989).

Since the adhesion molecule of H-59 cells identified by MAb C-l1 is also a N

linked glycoprotein, the N-linked oligosaccharide glycoproteins wbich were implicated in

malignant disease and metastasis will be briefly discussed.

1.3.4. Co 13,1-6 linked branching ofN-linked oligosaccharides and metastasis

One ofthe more common alterations in transformed malignant ceIls is the presence

oflarge N-linked oligosaccharides (Smet and Van Beek, 1984). The most discussed is the

13,1-6 linked branching of the N-linked oligosaccharide. Dennis and bis col\eagues have

demonstrated that metastatic murine tumor MDAY-D2 ceIls wbich bind to the

leukoagglutinin (L-PHA) have increased metastatic properties (Dennis et al., 1987). This

L-PHA binding requires the 131-6 linked lactosamine antennae. It was found that ceIl

surface glycoprotein, gp130 was a major target of increased 13,I-6-linked branching and

that the expression of these oligosaccharide structures was directly related to the
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metastatic potential of the tumor ceUs. Induction ofincreased 13,1-6 branching in clones of

a nonmetastatic murine mammary carcinoma correlated strongly with acquisition of lung

metastatic potential in vivo. Treatment of these tumor ceUs with swainsonine, a non-toxic

inhibitor of Asn-linked oligosaccharide synthesis which reduced ceIl-surface expression of

13,1-6 branched oligosaccharides blocked tumor ceUs invasion in vitro and reduced solid

tumor growth and metastasis in vivo (Oannis, 1986).

Increased 13,1-6 branching of N-1inked oligosaccharides has a1so been detected in

human malignancies, such as carcinQmas of the breast and colon and in me!anoma

(Fernandes et al., 1991; Dennis, 1991). MAb bas been produced to identify the L-PHA

binding glycoprotein on human colon carcinoma ceIls (Laferté and Lob, 1992). It was

found that the glycoproteins detected by MAb IH9 was differentialIy expressed on we11

differentiated and poorly differentiated human colon carcinoma ceIl lines suggesting that

the expression, glycosylation and subce11ul ·.r localization ofthis fami1y ofL-PHA-binding

glycoproteins may corre\ate with the differentiation status of colon cancer ceIls and/or

reflect biochemica1 changes characteristic ofmore progressive metastatic tumors.

Loss or truncation of 13,1-6 branched oligosaccharides in metastatic tumor ce11s

was found to have multiple eflècts on the cellular phenotype, including reduced ceIl

invasion of BM (Yage! et al., 1989), enhanced TIMP gene expression (Korczak et al.,

1993) and decreased cellular response to autocrine growth stimulation (VanderE1st and

Dennis, 1991). These observation suggest that simplification of the complex-type

oligosaccharides expressed on tumor ce11s may affect the malignant or differentiated

phenotype, in multiple ways inc\uding at the leve! ofgene expression.
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Figure 1. The metaslasis cascades

The process of metastasis fonnation is a complex cascade of events, which include: (A)

detachment and release of cells from the prlmary tumors and invasion of tumor cells into surrounding
stroma, (8) transport of tumor cells into the Iymphatics or the vasculature and survival in the circulation,
(C) arrest at new location, (D) atlachment and extravasation into the surrounding parenchyma and finally
(E) establishment ofa new growth at the new site. (Adapted from Nicolson, 1982; Tarin and Matsumura,
1994).

•
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Table 1: Integrins Expression and Cancer Metastasis (some examples)

•

Integrlns Ligand Elpression AdhesionlMetastasis References

posltively-regulafed:

lltllt collagen (Col) melanoma t adhesion Kramer el al., 1989
ll21lt Col, laminin (LN) Rhabdomyo-sarcoma (ROA2) t pulmonary melaslasis Chan el al., 1991
ll31l1 FN, Col, LN, epiligrin human solid malignancies t melaslases Bartùlazzi el al., 1994
ll41l1 VCAM-I meJanoma t puJmonary melaslasis Okahara el al., 1994
llS1l1 FN (on cells) TA3/S1 mammary carcinoma t hepalic melaslasis Kemperman el al., 1994

FN(onECM) melanoma t melaslasis Mortarini el al., 1992
lX6 Il1 LN 1. colon carcinoma t hepalic melaslasis Lolz el al., 1990

2. melanoma t Jung colonizalion Ruiz el al., 1993
ll61l4 LN TA3/Ha mammary carcinoma t liver melaslasis Kemperman el al., 1993
lllThll3 fibrinogen B-t6 melanoma t Jung colonization Chang el al., 1992
llLIl2 ICAM-t T-cell hybridoma t Iiver melaslasis Roossien el al.,1989,1994

llvllt VN,fibrinogen melanoma t adhesion Marshall el al., 1995
llvll3 FN, VN melanoma t Iymphatic melaslasis Nip el al., 1992, 1995

lIegafively-reglllafed:

ll21lt Col coloreelal adenocarcinoma t lumor differenlialion Pignalelli el al., 1990b

ll31lt FN, LN, Col (IV) mouse skin carcinomas .j. tumor progression Tennenbaum el al., 1992

ll41lt VCAM·t B-16 melanoma .j. pulmonary melaslasis Qian el al., 1994

llSllt FN lransformed CHO cell .j. lumorigenicily Giancolli el al., 1990

t :positively associated .j. : negalively associated

~
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2. Liver metastasis: Oinical. Anatomical and Biological aspects

2.1. Oinical significsnce of hepatic metastasis

The liver is one of the most common sites of metastasis in patients with malignant

diseases. A1most ail cancers from various primaIy sites metastasize to the liver. More

common turnors include those of the gastrointestinal tract (colon, stomach, pancreas,

etc.). melanoma, lung and breast carcinomas. Other turnors .!mch as genitourinary cancers,

sarcomas and lymphoreticular malignancies metastasize to the liver less often (Meyers and

Jones, 1990). Liver metastases are often multiple and bilobar and cannot be easily

diagnosed in their early stages. Once symptoms appear. the metastases are generally

inoperable and respond poorly to chemotherapy resulting in poor prognosis. In general,

patients with untreated hepatic metastases have median survival rates ranging from 6-18

months (Tranberg and Bengmark, 1994) and for patients with hepatic resection for

metastases of colorectal carcinoma, the median survival rate is 24 months (Jatzko et al.•

1995).

2.2. Prognosis and therapeutics ofliver metastasis

The treatment of liver metastasis still remains very unsatisfactory since most

patients do not have obvious physical findings or marked abnormallaboratory tests during

the early stages ofmetastatic liver dïsease.

2.2.1. Surgical resection

In general, liver resection for metastatic turnor is indieated only when the cancer is

ofcolorectal origin, the hepatic tumor is removable, and no extrahepatic disease is present
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(Tranberg and Bengmark, 1994). The accumulated e....perience shows that the patients

with colorectal cancer which have metastases limited to one lobe and the number of liver

tumors is less !han four can be successfully treated by surgica1 resection (Ballantyne and

Quin, 1993). Unfortunately orny about 5% of patients with colorectal cancer fall into this

category and resection of hepatic metastases can therefore improve overall survival of

patients with colorecta1 cancer by orny 1-2%. Normally orny 5-10% of patients witl!

metastases orny or predominantly in the Iiver will be amenable to potentially curative

surgical resection. The 5-year survival rate of patients undergoing liver resection is

approximately 30% and the lo-year survival rate is approximately 20% (Tranberg and

Bengmark, 1994).

2.2.2. Chemotherapy

For the majority of patients with Iiver metastases, chemotherapy is the rational

option since Iiver failure is often the resu\t ofwidely disseminated disease. Chemotherapy

is effective in sorne cancers (e.g. germ ceII tumors and Iymphoma), whereas in others the

result is uncertain (Ravikumar and Steele, 1991).

2.2.2. a. Systemic chemotherapy

Systemic chemotherapy bas been used in patients with liver metastases derived

from different advanced cancers. The major agent for therapy in patients with advanced

coloreetaI cancer is S-F1uorouracil (5-Fu). A combination of different chemica1 agents is

general\y more effective !han a single agent. For patients with advanced colorectal

cancers, an overal\ chemotherapy response rate of about 20"10 bas been shown by bath

randomized and nonrandomized trials, but they cio not prolong survival. In other
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gastrointestinal cancers (except neuroendocrine tumors) and other tumors such as

melanoma or Jung cancer, the results are also disappointing. Breast cancer, gastrointestinal

neuroendocrine tumors and germ cell tumors (testicular and ovarian) as weIl as

Iymphoreticular malignancies have shown some response to systemic chemotherapy alone

or in combination with hormonal manipulation (Ravikumar and Stee1e, 1991).

2.2.2. b. Hepatic arterial infusion chemotherapy

The administration of chemotherapy by continuous hepatic arterial infusion (HAl)

was introduced as a means of delivering cytotoxic drugs directly to the tumor by hepatic

artery catheterization (Ramming and 0'1"oole, 1986). HAl is indicated when liver

metastases are unresectable and extrahepatic disease is absent or minimal. The chemica1

agent of choice for regional infusion is usua\ly 5-f1uoro-2-deoxyuridine (FUDR), which

has an 80-95% extraction rate during the first passage through the liver. This treatrnent

was reported to cause a 20010 regression of cancer and a 50% symptomatic improvement.

A randomized trial demonstrated a high response rate compared with systemic treatrnent

(Kemenyet al., 1987). However the true benefit ofinfusion therapy for survival still needs

to he demonstrated by randomized trials (Tranberg and Bengmark, 1994).

2.2.3. Other forms oftherapy

The external beam radiation may be used for palliative treatrnent, such as pain

relief or liver size reduction, but survival rate is probably not affected (Sherman et al.,

1978). Metastatic tumors may also shrink when using hepatic artery ligation or

. embolization, but the response is Iikely to he modest and ternporary if it occurs at ail

(Blumgart and AI1ison, 1982). Liver transplantation has been used for metastatic



•

•

33

neuroendocrine tumors in combination with additional resection of the pancreatic primai)'

tumor, but only 6% ofpatients had a 2-year survival (A1sina et al.• 1990).

2.2.4. Experimental therapy

The application of cryotherapy has been tried with the intent to cure surface

lesions, and it can be an effective alternative to liver resection in patients with marginal

hepatie function (Ravikumar et al., 1987). Biologie response modifiers (interleukin-2 and

Iymphokine-activated kiIler cells) used as immunotherapy for the treatment of different

tumors at various anatomie sites may be effective against metastases of certain histologie

types oftumors such as renal cel\ cancer and melanoma and have been used as adjuvants

to surgical resection (Schwarz et al., 1989).

To summarize, despite sorne progress in the treatment of liver metastases,

e1ongation of patients Iife has not yet been achieved. The design of more effective

therapeutie reagents for hepatie metastasis is urgently needed. This can only be achieved

through a better understanding ofthe biology ofthe process ofIiver colonization.

2.3. Anatomicsl aspects ofiiver Metastases

2.3.1. Blood supply ofthe Iiver

The normal human Iiver bas a double blood supply: the portal vein and the hepatie

artery. The portal vein is formed by the junction of the superior mesenterie and splenie

veins, which provides about three fourths of the Iiver's blood supply (Meyers and Jones,

1990) (Fig. 2A, page 47). The portal trunk divides into left and right hepatie branehes in

the portal fissure and these further divide into smalI veins and venules which fina1ly enter
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the hepatic sinusoids (Fig. 2B, page 47). The hepatic artel)' coming from the celiac axis,

supplies one fourth ofthe liver with arterial blood. It also enters the liver through a fissure

and then fonns a plexus and empties into the sinusoids. The sinusoids enter the central

venules or terminal hepatic venules (TH\') (Fig. 4, page 49) before draining into hepatic

vein and finally to the inferior vena cava (Fig. 2A, page 47) (Barberâ-Guillem and Vidal

Vanaclocha, 1991).

2.3.2. Hepatocytes

Hepatocytes comprise about 60% ofthe cells in the liver. They are polygonal and

approximately 30 !!II1 in diameter. Hepatocytes fonn single layers (cell plates) between

minute vascular channels called the sinusoids (Fig. 2B, page 47 and Fig. 4, page 49). The

hepatocyte bas three surfaces: one facing the sinusoid and space ofOisse (see below), the

second faclng the canaIicuIus ofthe bile duets and the third facing neighboring hepatocytes

(Fig. 3, page 48). There is no BM around the hepatocytes (Sherlock and Dooley, 1993).

2.3.3. Hepatic sinusoids and celIs

The micro-vascuIar channels between single layers ofhepatic parenchymaI cells are

called sinusoid (Fig. 2B, page 47). The flat fenestrated endothelial cells line and fonn the

wa1ls ofthe sinusoid (Fig. 3, page 48). The sinusoidal cells wlüch include endothe1ial cells,

Kupffer celIs, fat storing cells (lto celIs) and pit cells as weIl as various subpopulation of

Iymphoid cells fonn t1üs functional and Iüstological unit together with the sinusoidal aspect

ofthe hepatocytes (Sherlock and Dooley, 1993). Kupffer celIs overlap the endothelial cells

loosely and attach to the sinusoidal wail The hepatocyte membrane microvilli project

through t1üs fenestra for ready exposure to sinusoidal contents. The endothe1ial fenestra
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have no diaphragm and are freely penneable to low and high molecular weight substances

in the sinusoidal f)ow. This also allows ea:.-y access for tumor cells invading the hepatic

parenchyma.

2.3.3. a. Kupffer cells

Kupffer cells are hepatic resident macrophages which are involved in the defense

system of the organ under various physiologica1 and pathologica1 conditions (Philips.

1989). They are derived from blood monocytes and have only a limited capability for cell

division, but are highly mobile and can attach to the endothe1ium. Kupffer cells have

specific membrane receptors for ligands including the Fc portion of immunoglobulin and

the C3b component of complement, which are important for antibody dependent cellular

cytotoxicity and complement mediated cytotoxicity. They can endocytose old cells,

foreign particles, tumor cells, bacteria, yeasts, viroses and parasites providing a natural

defence mechanism.

An example of Kupffer cells involved in tumoricidal activity was shown by Heuff

and bis colleagues. Using a liver metastatic rat colon carcinoma cell line, they

demonstrated that various populations of macrophages and resident Kupffer cells may be

invo1ved in the host response against tumor cell deposits in the liver (Heuff et al., 1993).

Kupffer ceIIs were also found to be activated by co-cu\ture with tumor cells and were

subsequently able ta lyse and phagocytose the cancerous cells (McCuskey et al., 1994).

These Kupffer ceIIs could he observed in contact with tumor ceIIs not only in sinusoids but

also in tumor forming foci within the hepatic parenchyma although the metastases were

still observed since tumor ceIIs can escape from Kupffer ceIIs. This evidence indieated that
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Kupffer cells interact with tumor cells and partially endocytose them during metastasis

formation.

2.3.3. b. Sinusoidal endothelial cells

Endothelial cells line the sinusoid to form the fenestrated wall surrounding the

sinusoidal lumen (Fig. 3, page 48). This fenestrae regulate the exchange of f1uids and

particu!ate matter to and from the space of Disse and hepatocytes (Wisse et al., 1985).

Sinusoidal endothe\ial cells are the first barrier encot ltered by tumor cells entering the

sinusoids from the blood. Two distinct types ofendothelial cells differing in their structure

and specific lectin binding patterns have been identified in different acinar zones. Zone 1

endothelial cells have a high concentration of certain leetin-binding carbohydrate residues

(e.g. N-acetyl-neuraminic acid, galactose, N-acetyl-galactosamine, mannose and glucose)

and more binding sites for the leetin wheat germ agglutinin WGA which has an affinity for

N-acetyl-g1ucosaminyl residues and N-acetyl-g1ucosamine oligomers as compared with the

endothelial cells in Zone 3 (Barberâ-Guillem et al., 1989; 1991) (see 2.3.6). In most

species, endotheiial cells ofthe liver sinusoid have no continues BM (Barberâ-Guillem and

Vidal-Vanaclocha, 1991).

2.3.3. Co Pit cells

Pit cells are highiy mobile, located in the lumen ofthe hepatic sinusoids attached to

the liver endothe\ial or Kupffer cells by cytoplasmic processes. They show characteristic

granules and rod-cored vesicles. They have natura1 killer activity to certain tumor cells and

vira1ly infeeted hepatocytes and have many features in common with large granular
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lymphocytes. They therefore may act in the liver as a tirst line ofdefense against neoplasia,

metastasis, and viral infections (Geerts et al., 1990).

2.3.3. d. Fat storing (Ito) ceUs

The fat storing ceUs (Ito ceUs) lie in the space of Disse in close contact with

hepatocytes on one side, and endothelial ceUs on the other, but are also distributed in the

hepatic parenchyma between hepatocytes (Fig. 3, page 48). They store excess vitamin A

and other fat soluble vitanüns. Ito ceUs can migrate to zone 3 where they change into

myofibroblasts in the presence of damaged hepatocytes and may be involved in repair

mechanistns. In culture, Ito ce11 can secrete a variety of matrix components, such as types

1, ID and IV coUagen, FN and laminin (Ramadori, 1991). These proteins may be involved

in the promotion oftumor growth in vivo.

2.3.4. The space ofDisse

The space between the thin endothe1ial Iining of the sinusoidal lumen and

hepatocytes is the perisinusoidal space of Disse (Fig. 3, page 48). Within the space of

Disse, Ito ce11s, fibroblasts and neurons, ECM proteins and e1ectrolytes can be found as

weil as smal1 amounts oftissue f1uid which f10ws outwards into Iymphatic channels in the

portal zones (Sherlock and Dooley, 1993). The ECM in the space of Disse has several

unique features: type 1 coUagen which is in direct contact with hepatocytes and endothelial

ce11s ferros the scaffo1d ofthe hepatic lobule while type IV coUagen is not associated with

laminin and does not forro part ofa BM (Martinez-Hernandez, 1984).
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2.3.5. Extracellular matrix proteins

Extracellular matrix molecules including FN, type 1 and type IV collagen, laminin,

heparin sulfate, entactin and sorne cell associated proteoglycans can be found in or around

the space of Disse. Basement membrane structures are present around the portal and

central veins and surround the bile duct epithelium (Abrahamson and Caulfield, 1985).

There is no continuous BM underlying the sinusoidal endothelial cells. The hepatocytes

and endothelial cells are separated by an ECM containing mainly FN, sorne type 1 collagen

"nd type IV collagen. Fibronectin is the most prominent component of the ECM in the

space ofDisse (Martinez-Hernandez, 1984).

2.3.6. Hepatic acinar units and their zones

The Iiver acinus is a stnaIl parenchymal mass arranged around the portal axis which

consists ofa terminal portal venule, terminal hepatic arteriole, bile duetule, Iymph vessels

and nerves (Fig. 4, page 49). It lies between two or more terminal hepatic venules (THV)

a1so called central veins. Hepatic blood f10ws from the terminal portal venules (TPV) into

the sinusoids and cornes into contact with hepat"cytes within the unit until it drains into

the THV. Three microcirculatory zones have been identified according to the blood supply

of first, second and third quality with regard to oxygen and nutrient contents. Zone 1

represents the area close to the supplying portal axis vessels, zone 3 corresponding to the

area that is most distant from the supplying vessels but close to the THV and zone 2 is the

border area between zone 1 and zone 3 (Fig. 4, page 49) (Sherlock and Dooley, 1993).

There are sorne notable differences between zones 1 and 3. In zone 1, the sinusoids

are more winding and anastomotic, have a higher concentration ofKupffer cells and their
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endothelial cells are less porous and more adhesive because they express more

carbohydrate molecules (see 2.3.3. b) (Barbeni-Guillem et al., 1991). These differences

have been utilized to distinguish between the two zones and follow tumor cell migration

through the Iiver following entry through the portal vein.

2.4. Microenvironment ofliver and liver metastasis

As is the case for other organs, the potential of cancer cells to metastasize to the

Iiver is dependent on multiple specifie interactions between the tumor cells and different

constituents of the Iiver microenvironment inc1uding the microvascu\ar endothelium,

extrace1lu1ar matrix proteins, hepatocytes and paracrine growth factors.

2.4.1. Cancer œil arrest in the Iiver.

After detachment from the primary malignant lesion following passage through the

circulation and arriva! in the Iiver, the surviving tumor œlls are retained along the entire

sinusoidal pathway and are arrested mostly in acinar zone 1 (Barbeni-Guillem and Vidal

Vanaclocha, 1991). This may be due to the different features ofthese two specifie area as

mentioned above, name1y the higher degree ofanastomosis, the higher number ofKupffer

ce11s which may act as sinusoïdal sphincters and the higher concentration of carbohydrate

residues on the sinusoïdal endothe1ial cells which lead to more adhesiveness in zone 1.

Turnor œil interaction with the sinusoidal e:tdothe1iurn in particu1ar, appears to play a role

in tumor ce1l arrest. This bas been observed microscopïcal1y and also supported by

functional in vitro assays (Tress\er et al., 1993; 1994; Brodt et al., 1994).
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2.4.2. Tumor - endothe1ial cell interaction

Tumor cell adhesion to the endothelial ceUs is the early step in the extravasation of

metastatic tumor cells from the blood stream into the tissue space of the liver. This

interaction is thought to be similar to that occurring between lymphocytes and cytokine 

activated vascular endothelial cel1s during inflammation. Lymphocytes often infiltrate the

liver during hepatic inflammation. ICAM-l was found to be expressed on the sinusoidal

endothe1ium or on portal and hepatic endothe1ium in human liver (Adams et al., 1989)

which is recognized by LFA-l expressed on lymphocyte and can therefore mediate

lymphocyte attachment to endothe1ial ceUs during inflammation.

Several investigations have identified specific adhesion receptors on endothe1ial

ce1ls which may mediate tumor cel1 adhesion to the liver endothelium. The most discussed

was E-se1ectin which can be expressed on endothe1ial ce1ls and can interacted with its

ligands on t.he tumor cell surface.

Using human umbilical vein endothelial cells (HUVEC) it was shown that E

se1ectin which can be induced on endothe1ial ceUs by cytokines such as TNF-a and IL-l

can mediate adhesion to the carbohydrate ligand SLeX which is expressed on human colon

carcinoma cel1s (HCC) (Lauri et al., 1991). This adhesion may contribute to liver

metastasis since HCC are metastatic main1y to the liver. It was also reported that the HCC

ce11s KMI2-HX which express high leve1s of SLeX colonized to the liver more efficiently

than KMI2-LX ce11s which are low expressors when the ce\ls were injected

intrasplenically into nude mice. Under in vitro condition, KMI2-HX cells demonstrated a

greater degree of adhesion to cytokine - activated HUVEC than KMI2-LX ce\ls. The



•

•

41

adhesion was partially inhibited by antibodies specifie for E-selectin. Moreover. treatment

of KM12-HX cells with an inhibitor of O-linked carbohydrate chain elongation reduced

the adhesion ofKM12-HX cells to HUVEC indicating that O-Iinked carbohydrate chains

on the HCC cel1 surface played a significant role in the adhesion (Izumi et al.. 1995). An

other group showed that the adhesion ofHCC cells to HUVEC was significantly inhibited

by pretreatment with anti-E-selectin antibody as well as antibody to the sialylated

carbohydrate antigen SPan-1. The adhesion was also inhibited by pretreatment with

neuraminidase (Yamada et al., 1995). These results suggested that the SPan-1 antigen

plays a significant role in adhesion of HCC cell to endothelial cell, and sialylation of the

terminal structure of the carbohydrate antigen was important in the adhesion of HCC to

endothelial ceUs.

Using the H-59 tumor model it was shown that hepatic sinusoidal endothelial cells

express E-selectin in response to TNFa. Furthermore, anti-E-selectin antibodies

significantly inhibited H-59 cel1 adhesion to hepatic sinusoidal endothelial cells in the

presence of TNFa.. In vivo studies confonned the relevance of E-selectin to Iiver

metastasis by showing that anti-E-selectin antibodies blocked experimental liver

metastases. In this study, a mucin-associated carbohydrate structure with fucose and sialic

acid in terminal positions was involved in the adhesion (Brodt et al., 1994, manuscript

submitted).

Recently, Tressler:itld associates reported that annexin II and VI are expressed on

the surface ofliver metastatic murine RAW 117 large celIlymphoma ceUs and can mediate

part of the Ca++-dependent RAW 117 celI adhesion to Iiver microvesse\ endothelial ceUs
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(Tressler et al., 1993, 1994) indicating these molecules may a1so be involved in liver

colonization by murine Iymphoma cells.

2.4.3. Tumor ce11 interaction with the ECM

Tumor cell invasion through different ECM barriers is another major step in the

metastatic process. Since the hepatic sinusoidal endotheliurn lacks a continuous BM (see

2.3.5), tumor cells in the sinusoid can invade directly into the subenoothelial space. During

their invasion, tumor ceIls can either interaet with ECM components e.g. laminin or FN

(Rusciano et al., 1991) through tumor ceIl surface adhesion molecules and/or express

proteolytic enzymes to degrade ECM and therefore enhance their invasion and migration.

Fibroneetin is the mQst prominent component of the ECM in the space of Disse.

Turnor cell adhesion to FN might lead to tumor cells invasion into the liver parenchyma

(Nicolson, 1988b). It has been reported that a fusion fragment of the heparin-binding

domain of human FN significantly inlullited Iymphoma cell adhesion to substrates

precoated with FN, laminin and reconstituted BM (Matsumoto et al., 1991). Heparin and

MAb against the heparin binding domain ofFN inlullited tumor cell interaction with the

fusion polypeptide-substrate in vitro, and a1so blocked liver metastasis when co-injeeted

with the tumor ceIls. This may have been due partly to interference with the adhesion of

tumor cells to ECM or BM components by this heparin-binding domain-dependent

mechanism. The positive correlation between perisinnsoidallaminin expression and liver

metastasis was detnonstrated by Wewer and Albrechtsen (Wewer and Albrechtsen, 1992).

They found that liver metastatic tissue showed high staining for laminin Moreover, viable
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tumor cells bind specifically to frozen sections of liver tissue containing perisinusoidal

laminin. T1üs suggested that the perisinusoidal laminin may be involved in tumor cell

metastasis to the Iiver. Recently, the overexpression of stromelysin-3. a newly identified

member d the matrix-degrading MMP family on human colorectal tumor has been

reported. T1üs overexpression of stromelysin-3 is correlated with the progression of

hurnan colorectal tumors toward local invasion and may be involved in liver metastasis

(porte et al., 1995).

Liver metastatic H-59 cells have been reported to express high levels ofgelatinase

A and the cysteine proteinase cathepsin L as well as lower levels of cathepsin B (Brodt et

al., 1992). These enzymes are Imown to be involved in tumor cell invasion. Recently it

was found that an inhibitor of cysteine proteinase could block experimental liver

metastasis (Navab et al., 1995) suggesting that these enzymes may degrade Iiver ECM and

thereby promote Iiver colonization by H-59 cells.

2.4.4. Turnor cell interaction with the hepatocytes

Turnor cell adhesion to hepatocytes has beell observed in severa! experimental

models of Iiver metastasis. For example, hepatocytes isolated from normal rat liver have

been found to express ICAM-l. This molecule could bind LFA-l which is expressed on

Iiver metastatic T-cell hybridoma cells. A MAb directed to ICAM-l could inhibit the

~ adhesion of T-cell hybridoma cells to the hepatocytes. It was aIso found that tumor cell

invasion was associated with substantial redistribution of LFA-Ion the T-cell hybridoma
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cell surface and a1so with ICAM-l redistribution on the hepatocyte surface (Meijne et al.,

1994).

Integrin <X6134 has been identified as a receptor on TA3/Ha mammary carcinoma

cells whieh is involved in the adhesion of these cells to the hepatocytes. : oIIti- <X6134 Fab

fragments generated from a polyclonal serum against TA3/Ha eells inhibited TA3/Ha 

hepatocyte adhesion (Kemperman et al., 1993) suggesting that <X6134 mediated adhesion to

hepatocytes may contribute to liver eolonization. Recently it has been reported by the

same group that cells of another subline of mammary carcinoma TA3/St whieh express

integrin lXS131 utilize this receptor to interact with hepatocyte surface associated FN. This

interaction may be necessary for Iiver metastases formation (Kemperman et al., 1994).

In addition, the isolated tumor ce1I surface oligosaccharide T (Thomsen

Frieden.-cieh) antigeIl and its immediate precursor Tn antigen have a1so been implicated in

adhesion to rat hepatocytes and Kupffer ce1Is (Selùepper-Schafer and Springer, 1989).

The interaction of these specifie pancarcinoma epitopes T and Tn on cancer ce1Is with

GallGalNAe receptors on rat hepatocytes and Kupffer cells may play a raIe in liver

metastasis ofsorne carcinomas.

The ultrastructure ofthe interaction between tumor cells and hepatocytes bas been

studied in vitro using a rat hepatoma subline whieh can invade a primary culture of adult

rat hepatocytes. It was found that the tuD1(. ,- ceIls adhered to the hepatocytes with severa!

types of junctional structures. An early event in the invasive process was an apparent

cytoplasmie fusion between the tumor ceIls and the hepatocytes. It was suggested that this
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Kawaguchi, 1993).

2.4.5. Paracrine growth regulation and liver metastasis

The ability of tumor cells to grow in the liver is also regulated by organ-derived

growth factors. These paracrine growth factors can be produced by the hepatocytes,

sinusoidal endothe1ial cells, Kupffer cells or fibroblasts. For example, a liver extract was

found to promote the growth of liver metastasizing embryonal carcinoma cells (Rusciano

et al., 1991). The liver - metastasizing me\anoma subline B16-L8 was also found to

respond in a specific manner to growth stimulation mediated by hepatocytes while the lung

colonizing subline Bl6-F10 did not have this response (Sargent et al., 1988). ln addition,

the liver - colonizing subline of the RAW1l7 large -ce\llymphoma was reported to be

growth stimulated by the complement component C3b present in medium conditioned by

mouse hepatic sinusoidal endothe1ial cens (Hamada et al., 1993).

TraraSforming growth factor alpha (TGF-cr.) is produced by hepatocytes in response

to trauma, as a physiological regulator of liver regeneration (Herlyn et al., 1990). The

TGF-a is a ligand ofthe epidermal growth factor receptor (EGF-R) which is expressed on

liver metastatic human colon carcinoma cel\s and it was suggested that it may be

responsible for TGF-cr. mediated stimulation ofthe carcinoma cells (Radinsky, 1993).

Hepatocyte growth factor (HGF), a1so called scatter factor, is synthesized and

secreted by different ceIl types, but aIso produced by liver endothe1ial, Kupffer, fibroblast

and Ito ceIls. It binds to its receptor the c-met proto-oncogene expressed on hepatocytes



•

•

46

and other ceIls and can induce ceIl motility and regulate growth (Jiang et al., 1993a). The

HGF receptor c-met protein is also highly expressed on malignant ceIls, such as colon

cancer ceIls (Jiang et al., 1993b). The stimulation of colorectal carcinoma ceIls by liver

derived HGF may play a role in the metastasis ofthis malignancy to the liver.

Insulin-like growth f..etor-l (IGF-l) bas been found in medium conditioned by

mouse hepatocytes. This hepatocyte-derived IGF-l was round to mediate H-59 cell

proliferation through the IGF-l receptor expressed on H-59 ceIls, and a monoclonal

antibody to IGF-l could block the IGF-l- induced mitogenic activity in vitro (Long et al.,

1994). Furthermore H-59 cells expressing an antisense mRNA to the IGF-l receptor

failed to give rise to liver metastases in vivo indicating that IGF-l was involved in tuInor

H-59 metastasis to the liver (Long et al., 1995).

In summary, liver metastasis is a complex process involving multiple host tuInor

interactions such as the interaction oftuInor cells with hepatic endothelial ceIls, with ECM

proteins and with hepatocytes. Many of the molecules mediating these interactions remain

to be positively identified.
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Figure 2. The hepatic circulation

A. The hepatic and portal veins. The portal vein is fonned by the junction of the superior mesenteric and
splenic veins (merged by inferior mesenteric vein). Il divides into left anô right hepatic branches in the

portal fissure and these further divide into smail veins and venules which finally enter the hepatic
sinusoids. The sinusoids enter the central venules or tenninal hepatic venules before draining into hepatic
vein and finally to the inferior vena cava. B. Microvascular bed of the liver (insetl. The hepatic arteries

and hepatic portal venules empty into the hepatic sinusoids. Arrows indicate the direction of the blood

110w. (Adapted trom Meyers and Jones, 1990; Mathie et al., 1994).
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Figure 3. Topography of the hepatocytes, sinusoids and the perisinusoidal space of Disse

Hepatocytes fonn single layers (cell plates) between minute vascular channels called the sinusoids.
Each hepatocyte has three surfaces: one facing the sinusoid and space of Disse, the second faeing the
canaticulus of the bile ducts and the third facing neighboring hepatocytes. The sinusoids fonn the micro
vascular channels between single layers of hepatic parenchymal cells. The fiat fenestrated endothelial cells
line and fonn the walls of the sinusoid. The hepatocyte membrane microvilli project through this fenestra
for ready exposure to sinusoidal contents. The sinusoidal cells include the endothetial cells, Kupffer cells,

fat storing cells (Ito cells) and pit cells as weil as various subpopulalion of Iymphoid cells. The space

between the thin endothetiallining of the sinusoitlal lumen and hepatocytes is the perisinusoidal space of

Disse.

•
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Figure 4. The Ilver aeinar unit and the three microclrculatory zones

The Iiver acinus is a small parenchymal mass arranged around the portal axis which consists of a
terminal portal venule, terminal hepatic arteriole, bile ductule, Iymph vessels and nerves. Il lies between
two or more terminal hepatic venules (THV) also called central veins. Hepatic blood 1I0ws from the
terminal portal venules (TPV) into the sinusoids and cornes into contact with hepatocytes within the unit
until it drains into the THV. Three microcirculatory zones have been identitied according to the blood
supply of tirst, second and third quality with regard to oxygen and contents of nutrients. Zone 1
represents the area close to the supplying portal axis vessels, zone 3 corresponding to :he area that is
most distant from the supplying vessels but close to the THV and zone 2 is the border area between zone
1 and zone 3. Arrows indicate the direction of the blood f1ow. (Adapted from Meyers and Jones, 1990).
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3. Monoclonal antibodies and cancer therapy

3.1. General Introduction

3.1.1. Significance ofantibodies in cancer therapy

Antibodies, the serum immunoglobulins (1g), are components of the

humoral immune system and are synthesized by B-Iymphocytes in response to

antigens as part of an active immune defense mechanisms (Roitt, 1991). With the

development ofmonoclonal antibodies by Kôh\er and Milstein in 1975. providing a

method for unlimited production ofhigh affinity, highly specific antibodies (Kôh\er

and Milstein, 1975), the potential utilization of antibodies for diagnosis and

treatment of neoplastic disease bas become both feasible and attractive (Schwartz

et al., 1992). Ar.tibodies can have severa! possible therapeutic effects on the cancer

cells. They can be used to activate the host immune system to destroy the tumor

cells, can regulate growth and differentiation oftomor cens and can block adhesion

of tomor cells to host cells and the extracellular matrix. They can aise be used as

delivery molecules, targeting potentially cytotoxic agents to tomor sites (Dillman,

1991).

3.1.2. HAMA and humanized MAb

Although murine MAbs have been used in cancer therapy, the major

obstacle to long-term administration of murine MAbs to humans is the

development ofimmune responses by tite host especially ifmultiple administrations

over an extended period of lime are required to achieve a therapeutic effect
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(LoBuglio et al., 1989). This response is mainly due to the host immune system

reacting against detenninants present in the Fe portion of murine Ig (Reynolds et

al., 1989). The human anti-mouse immunoglobulin response known as "Human

Anti-Mouse Antibody" or HAMA, can potentially influence the biological activity

of the antibodies, diminishing the clinical response and can also induce adverse

allergie reactions (Fagnani, 1994).

However, sorne approaches have been used to reduce this host immune

response. These include the production of potentially less immunogenie MAb

fragments and the devclopment through genetie e.'1gineering of "humanized " MAb

(Morrison and O~ 1984). This technique is based on development ofmouse/human

chimeric MAb by joining the Ig variable domain from mouse MAb to the human Ig

constant domain (Wmter and Milstein, 1991). This ehimerie "hurr.anized" MAb is

less immunogenie in cancer patients than murine MAb. Sorne of the ehimerie

MAbs have been administered to cancer patients, and a marked reduction in the

HAMA response and a longer half-life of MAb have been observed (Hale et al.,

1988; LoBuglio et al., 1989).

3.1.3. Fun,,1ions ofantibody fragments

Anbbodies can play an indirect role in the host immune response by

participation in anb"body dependent cell mediated cytotoxicity (ADCC) and

complement mediated cytotoxicity (CMC), mecbanistns whieh depend on the Fe

domain ofthe immunoglobulins, or they may inhibit tumor eell growth directly by
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interaeting with molecules such as growth factor or adhesion receptors through the

Fab domains, blocking their functions (Houghton and Scheinberg. 1991). Genetic

engineering techniques have been used to produce cDNA fragments coding for

single chain antigen - binding proteins (Fv) consisting of the variable regions of

the light and heavy chain genes which are linked and expressed in bacterial or

eukaryotic vectors (Skerra and Plunckthun, 1988; Reichman et al.• 1988).

The advantages of the Fab fragment and the engineered antibodies in

cancer therapy include: increased tumor penetration, rapid plasma clearance with a

possibly decreased toxicity due to radionuc1eotides or immunotoxins conjugated to

the antibodies, and decreased immunogenicity due to a lack of the Fc domain

(Schwartz et al., 1992).

3~ Strategies for therapeutic application ofMAb

A number of distinct approaches for cancer therapy with MAb have been

developed. Each approach requires certain prerequisite information about the

mdividual antibody-antigen system such as antibody specificity, antibody c1ass and

isotype, antibody avidity or the structure and function of the antigen. This

i tformation is normally derived through a series of prec1inical studies which are

designed to address the following questions: (a). the ability of MAb to mediate

kiIling oftarget tumor cells in the presence of immune effector cells (AOCC) or in

the presence of complement (CMC) (Goodman et al., 1990). (b). the direct

biological effects ofMAb on target cells, such as their effect on tumor cell growth
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wd proliferation (Aboud-Pirak et al., 1988). (c). cytotoxiclcytostatic effects of the

MAb when conjugated to anti-cancer agents (Goldenberg. 1989), and (d). the

direct effect of MAb on target cell adhesion to host cells or organs (Zhu et al.,

1991, 1992). These in vitro assays can be complemented by in vivo studies. These

preclinical studies can determine the strategtes to be used for human trials. The

types of antibodies ane! the approaches which have been utilized to date can be

summarized as follows:

3.2.1. Destruction oftumor cells by immune mechanism

3.2.1. a. Antibody Dependent Cell- mediated Cytotoxicity (AOCC)

Host immune defense cells such as neutrophils, macrophages and natura!

\ciller cells can bind antibody coated tumor cells by recognizing the Fe portion of

the Ig molecule through their Fe receptors (WawrzynCZl!k and Thorpe, 1991). This

leads to tumor cell kiIling through phagocytosis (by macrophages) or direct

cytolysis (by NK cells). This was demonstrated by Herlyn et al who observed

tumor celllysis when anti - tumor MAbs were incubated with effector eells such as

splenocytes from nude mice (Herlyn et al., 1979) and supported by subsequent in

vivo experiments (Herlyn and Koprowski, 1982). Numerous other investigators

reported similar effects both in vitro and in vivo (see be1ow). The IgG2a and IgG3

subc1asses of mouse MAb have been reported to be most effective in mediating

AOCC mechanisms (He\lstrOm et al., 1986; Woodhouse and Morgan, 1989).
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3.2.1. b. Complement Mediated Cytotoxicity (CMC)

Sorne murine MAbs can activate complement by binding the CI q

component of complement and thereby initiating a complement activating cascaàe.

The "membrane attack comple..,," formed by the terminal complement components

inserts into the cell membrane inducing cell Iysis and destruction. Studies using

mouse serum as a source of complement demonstrated that IgM is the most

common activator of complement, wbile IgG2a, IgG2b and IgG3 were of medium

or low potency. Activation of complement mediated cytolysis by IgG1 antibodies

was only occasionally observed (Heuberger and Rajewski, 1981).

3.2.1. c. ADCC and CMC in experimental and clinical trials

The induction of ADCC and CMC by cell bound MAb has been reported

by different investigators using diverse tumor models. The following are sorne

examples.

Severa! of the early studies have been reported by Hellstrôm and bis

associates. This group produced three mouse MAbs (lgG3) wbich recognized a

Go3 ganglioside antigen expressed on most human melanoma cells. These

antibodies could mediate ADCC when combined with normal human lymphocytes.

One ofthese antibodies also killed melanoma cells in the presence of human serum

as a source of complement wbile another was found to inhibit human melanoma

growth in nude mice (Hellstrôm et al., 1985). It was postulated that tbis inhibition

may have been due to antibody induced ADCC.
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One of the antibodies M\b L6 (IgG2a) aIso recognized a ganglioside

antigen that is expressed on most human carcinomas such as lung, breast, colon

and ovary (Hellstrom et aI., 1986). This MAb could lyse L6 antigen-positive

human tumor cells in the presence of human lymphocytes or human serum in vitro

and inhibit the outgrowth of a L6 antigen-positive human tumors in nude mice.

This anti-tumor effect was tested on patients with breast, colon, ovarian and lung

cancer. One patient with recurrent breast cancer aclieved a pathologica11y

confirmed complete remission after treatment with MAb L6 (Goodman et al.,

1990). This anti-tumor effect suggested that unmodified L6 could be used in breast

cancer therapy.

3.2.2. Regulation oftumor growth by MAb

3.2.2. a. MAb to growth factor receptors

Animal experiments have shown that treatment of tumor - bearing mice

with MAbs directed against growth factor receptors expressed on the tumor ce1l

surface could significantly reduced tumor ceU growth. Epidermal growth factor

(EGF) or transforming growth factor CI (TGF-a) are important regulators of the

survival and growth of squamous ce1l lung carcinomas (Wendier and Ozanne,

1984) and duetal breast cancer ceUs (Bates et al., 1988). These growth factors

share a common receptor - the EGF receptor. Se\a and bis group reported that

anti-EGF receptor antibodies reduced human epidermoid carcinoma ce1l colony

formation in vitro. When this effect was tested in vivo in nude mice, the anti-tumor
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activities observed included retardation of tumor growth. a reduction in the

number of experimentallung metastases and the prolongation of survival time. The

F(ab)2 fragment of this anti-EGF receptor antibodies had the same effects

suggesting that the anti-tumor effects were not due to immune mechanism such as

ADCC and CMC (Aboud-Pirak et al., 1988). In a dose response study. an anti

EGF receptor MAb labeled with \\\ In used in a phase 1 trial in patients with

inoperable squamous cell lung cancer showed no toxicity to patients and \l.1Ab

uptake by the tumor was observed in a specifie and dose-dependent fashion (Divgi

et al., 1991). It was concluded that treatment with a MAb against EGF receptor is

safe at the doses and schedules used.

The transmembrane tyrosine kinase protein - related molecule p185 (HER

2Ineu oncogene produet) was reported to be overexpressed in tumors derived from

breast and ovarian cancer patients with poor prognosis (Berchuck et al., 1990). It

has been reported that anti-pl85 MAbs of the IgGl, IgG2a and IgG2b isotypes

could inhibit the tumorigenicity of neu-transformed cells. Depletion ofcomplement

and macrophages in the tumor bearing animals did not affect this inhibition

suggesting that ADCC and CMC mechanisms were not involved (Drebin et al.,

1988). These results demonstrated that MAb reactive with cell surface domains of

an oncogene-encoded protein could directly inhibit tumor growth i1l vitro and i1l

vivo.
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3.2.2. b. MAb induction ofApoptosis

Apoptosis is a phenomenon of developmentally programmed cell death.

The mechanisms involvcd in this process have received much attention recently

because of their potential utility in the development of cancer therapy. It has been

reported that a MAb against the 52 kDa APO-1 antigen expressed on leukemic

cells and human B and T cells completely blocked the proliferation of APO-1

bearing cells in vitro by triggering a process ofapoptosis. In vivo, this anti-APO-1

antibody induced rapid tumor regression ofBJAB Iymphoma cel1s growing in nude

mice. These findings suggested that antibodies which can induce apoptosis may

have beneficial effects on tumor growth in vivo (Trauth et al., 1989).

3.2.3. MAh as carriers ofcytotoxic agents

MAbs have also been utilized as carriers of anti-cancer substances to the

tumor cells because of their ability to se1ectively recognize and bind to the

neoplastic cells and bypass normal cel1s and tissues. This specificity can increase

the efficiency of drug delivery and reduce the side effects associated wïth anti

cancer drugs (Schwartz et al., 1992). Most cel1 surface receptors are rapid1y

intemalized by the cel1. These receptors can be used as targets for MAb for

delivery of radioisotopes, irnmunotoxins, cytotoxic drugs or other agents directly

to the malignant cel1s. Specifie cytotoxicity then occurs through local release ofthe

toxic substances and resulting direct action of these potentially cytotoxic

substances on MAh coated tumor cells.
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3.2.3. a. Radio-immunoconjugates

The principle ad'1ll11tage of radioimmunotherapy is the ability to deiiver

radiation over a distance of severa! cell diameters thereby overcoming the

obstacles due to antigenic heterogeneity of tumor ceUs (Goldenberg. 1989). ~

emitting isotopes are most COII!.'1I0nly chosen for radioimmunotherapy because

they cao transmit energy over a span of severa! cell diameters. The radionuclide

most commonly used for therapy is 1311, because of the availability and ease of

radiolabeling as well as the emission of high energy ~ particles. A number of

radioimmunotherapy triais have shown objective responses. especiaIly in the

treatment ofradiosensitive tumors such as lymphomas (Goldenberg et ai., 1991).

Most ch"icaI triaIs have utilized 1311 - labeled MAbs with tumor regression

observed in sorne patients. In a Phase 1 study using high doses of 13lI_labeled anti

CD37 MAb MB-l in 10 patients with different grade o.fnon-Hodgkin's lymphoma

were evaIuated (Press et ai., 1989). Five patients showed preferentiaI localization

and retention of the MAb at the tumor site. Complete remission was attained in

four patients with rninirnaI nonhematologic toxicity.

90y is the 5e\.ond most commonly used radioisotope which is also a high

energy ~-ernitter witll a short half life. Vriesendorp and his colleagues reported

that treatment of end-stage Hodgkin's disease using 9Oy-labeled polyclonaI anti

ferritin ::''ltibody resulted in a complete rernissions in 30% of patients (Vriesendorp

et ai., 1991).
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3.2.3. h. Chemo-immunoconjugates

The general advantages of using antibody - conjugated drugs include: 1.

the specificity of the conjugates, 2. lowered drug toxicity, 3. increased

accumulation ofthe drug in the tumors and 4. prolongation ofthe f>erum ha1flife of

the specifie drug (pietersz et al., 1994). The ehemotherapeutie agents most

commonly used in experimental or elinical trials of immuno-chemotherapy include

doxorubicin, N-aeetylmelphalan, mitomycin C, neocarzinostatin and methotrexate.

Severa! studies have demonstrated the potential cIinical application of

ehemo-immunoconjugates. For example, murine MAb A7 which recognizes a

human adenocarcinoma antigen was used as carrier for neocarzinostatin (NCS)

(Kitamura et al., 1992). Signiticant tumoricidal effects were observed when the

antigen-positive tumor-bearing mice were treated with the A7-NCS eonjugate

(Kitamura et al., 1993). The toxicity of A7-NCS was live times lower then NCS

alone. Another line of evidence cornes from Pietersz and his colleagues, using

melphalan-anti-CEA in c1iDical trials of a Phase IIII study of colon cancer. They

found that the usual side effects of the drug were absent, the drug eould be

administered at doses exeeeding the maximum tolerated dose established with

uneonjugated melphalan, large amounts of antibody Cm excess of 2 gm) eould be

given without side effects, partial or complete responses were observed, and one

patient with minimal residual was cured by the therapy (pietersz et al., 1994).

These studies t1emonstrated that MAb can confer more favorable pharmacological
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properties on an anticanc~r drug, making it potentially more useful for cancer

chemotherapy.

3.2.3. c. Immunotoxins

The term "immunotoxin" has generaily been reserved for conjugates in

wlüch the toxic moiety is a ribosomal inlübiting protein. These proteins aet

enzymatically to inhibit protein synthesis (Olsnes and Sandvig, 1988). A wide

range of plant, baeterial and animais toxins have been identificd and they can be

coupled to MAb for delivery to the tumor cells (Franke1 et al., 1986). Many

clinical trials have been pcrformed with such conjugates including studies with

MAbs linked to the ricin-A chain (Spitler et al., 1987) or the pseudomonas

exotoxin (Waldmann, 1991) or to their modified forros (Chaudhary et al.• 1989).

Different degrees ofremissions were observed in these studies.

3.3. MAb against adhesion Molecules

In recent years, ce1l-ce1l , and ce1l-exttacellular matrix adhesion molecules

have been used as potential targets for MAb. Antibodies direeted to such

Molecules have been frequently reported to inhibit tumor cell invasion in vitro.

When tested in vivo, some of the antibodies could also inlübit experimental

metastases formation. Since the objective of my research projeet was to use MAb

to study the role of ce1l adhesion in cancer metastasis, a brief summary of the

evidence that MAb against adhesion molecules can disrupt the metastatic process

is provided.
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3.3.1. MAb to tumor - endothelial cell adhesion receptors

Tumor cell adhesion to vascular endothelial cells can be mediated by

severa! adhesion molecules expressed on the tumor cell inc1uding integrins LFA-l

and VLA-4 which bind to their counter receptors on endothe!ial cells ICAM-l and

ICAM-2 (for LFA-l) and VCAM-l (for VLA-4). The evidence suggest that these

adhesion molecules play an important role in cancer cell metastasis to specifie

organs (also see l.3.2.c).

Lymphocyte function-associated antigen-l (LFA-l) is a leukocyte integrin

which is expressed on lymphocytes (Springer et al., 1987) as weil as on sorne

Iymphoma cells (Roossien et al., 1989). The LFA-l ligands ICAM-l or ICAM-2

are usua1ly expressed on endothelial ce\ls. It bas been shown using an in vitro

invasion mode! that LFA-l is important in the invasion of hepatic and fibroblast

monolayers by LFA-l (+) murine Iymphoma ce\ls (Roossien et al., 1989). This

adhesion molecule was also implicated in invasion of human endothelium in vitro

by JY Iymphoma cells and in Iiver metastasis of two murine leukemia lines name!y

the P815 mastocytoma and the EL4 lymphoma (Hanùng et al., 1993). A murine

anti-human LFA-l (a. subunit) MAb inhibited JY lymphoma cell invasion in vitro.

When assayed in vivo, a rat anti-LFA-l (a. subunit) MAb significantly inhibited the

development of experimental Iiver metastases when administered concomitantly

with either P815 or EL4 tumor ce\ls.

Lung-specific endothelial ce\l adhesion molecule-l (Lu-ECAM-l) is a 90

kDa lectin-like adhesion molecule expressed on endothelia of distinct branches of



•

•

62

the lung blood vessels (Zhu et al.. 1991, 1993). It promotes Ca+2-dependenl

adhesion oflung-metastatic B16 melanoma ceIls. It has been reponed that binding

of B16 melanoma ceIl to Lu-ECAM-l coated plastic surface in vitro was blocked

by MAb 6D3 to Lu-ECAl\f-l. This binding was aIso competitively inhibited by

soluble Lu-ECAM-l (Zhu et al., 1992). Injection of 603 MAb into animais after

i.v. inoculation of the highly metastatic melanoma ceIl line. caused a 90%

reduction in the number oflung colonies (Zhu et al., 1991). Passive immunization

of animais with anti-Lu-ECAM-l MAb 6D3 or active immunization with purified

Lu-ECAM-l resulted in an anti-Lu-ECAM-l antibody titer-dependent reduetion in

the number oflung metastases (Zhu et al., 1992). These studies indicated that anti

adhesion therapy aimed at interfering with the adhesion between blood-bome

cancer cells and organ-specifie vascular endothelium could potentially be used to

prevent the fonnation ofsecondary tumor colonies in distant organs.

3.3.2. MAb to integrins involved in cell-ECM interactions

In addition to integrins mediating ceIl-ceil adhesion, several antibodies have

beeI' produced whieh can inhibit integrin - mediated adhesion to the ECM.

Integrin a'~l is a fibronectin receptor whieh recognizes the RGD site in

ECM proteins (Charo et al., 1990). This integrin is expressed on various tumor

cells ineluding human breast carcinoma ceIls (Newton et al., 1995). MAbs specifie

for the as or ~l subunits ofthis integrin couid inhibit human breast carcinoma ceIl

attaebment to and migration on a fibronectin - coated substratum. These antibodies



•

•

63

aise inhibited invasion of tumor cens through an artificial basement membrane.

Treatment ofhuman breast carcinoma cens with these MAbs prior to i.v. injection

into the athymic nude mice significantly reduced the number of lung colonization

(Newton et al., 1995). It was concluded that the inhibitory effect of these

antibodies on cancer celi attachment to fibronectin in vitro and lung colonization in

vivo were due to the binding and neutralization of integrin CLS131 function on the

tumor cens.

Integrin <X6131 was found to be expressed on the Iuminal and basalateral

sides of the vascu\ar endothelium (Ruiz et al., 1993). It was aise detected on the

highly metastatic lung-specifie cell Iines B16/129 melanoma and KLN-205

carcinoma. A MAb EA-l raised against the <X6 chain of CL.I131 or <X613. blocked

adhesion of these tumor ceUs to lung frozen sections in vitro, and aise inhibited

experimentallung metastasis ofB16/129 ceus when it was injected i.v. into animais

before or simultaneously with the tumor ceus or when the tumor cells were

precoated with EA-I annDody before injection. Since MAb EA-I did not interfere

with the binding of melanoma ceus to laminin fragments (the <X6131 ligand), it was

~ostulated that the annDody recognized a novel ligand - binding domain on the <X6

integrins which is involved in cell-ce1l interaction and in cancer metastasis.

3.3.3. MAb directed to CD44

CD44 is an !ntegral membrane g1ycoprotein initially identified on

lymphocytes. This receptor is involved in the adhesion of lymphocytes to
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specialized endothelial cells in lymphatic organs and can mediate cell binding

mainly to hyaluronate (also see 1.3.l.d.).

Severa! splice variants of the C044 molecule with additional inserts in the

extracellular domain have been detected on tumor cells (Günthert et al.• 1991). It

has been reported by Seiter and his colleagues thal a MAb directed to a metastasis

specific domain ofthe rat C044 molecule narnely MAb 1.1ASML (IgGl) retarded

growth of the metastatic rat pancreatic adenocarcinoma tumor (BSp73ASML) in

the regional draining Iymph nodes and inhibited metastasis to the lung (Seiter et al.•

1993). This antibody could also efficiently prevent formation ofmetastasis by a cell

line transfected with the metastasis - inducing variant of C044. The reduction in

metastases formation caused by MAb 1.1ASML was not mediated by immune

mechanisms as it was shown that preimmunization with MAb 1.1ASML did not

reduce metastatic spread. As weil, MAb 1.1ASML did not induce signilicant

cytotoxicity towards the BSp73ASML tumor cells in the presence of

macrophages, NK-enriched spleen cells and alloantiserum. This sludy suggested

that the ann"ody interfered with the proliferation of metastasizing tumor cells in

the draining Iymph node probably by blocking a C044 - ligand interaction.

High levels of a hematopoietic form of the C044 molecu1e have been

detected on a human metastatic melanoma cellline SMMU-2 and it was found that

the molecu1es mediated binding to hyaluronic acid in vitro (Guo et al., 1994). An

anti-human C044 antl"ody complete\y inIu"ited the binding of the SMMU-2

tumor cells to hyaluronic acid in vitro. ln vivo experiments showed that this
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antibody could inhibit the fonnation of metastases and prolong animal survival.

This inhibitory effect was probably due to the blocking of C044 - mediated

adhesion to hyaluronic acid, an interaction which may be necessary for melanoma

growth and metastasis.

3.3.4. MAb mediated blocking ofother cell-substratum interactions

Vollmers and coworkers have produced syngeneic MAbs directed against

antigens on B16 melanoma cells. These MAbs blocked the adhesion of melanoma

cells to tissue culture dishes, and abolished lung colonization by a highly invasive

B16 subline injected Lv. into the animais (Vollmers and Birchmeier, 1983a). In

vitro these MAbs blocked anachment to poly L-Lysine coated plates of the

majority of human melanoma celllines tested as weIl as that of murine and human

carcinoma, neuroblastoma and glioblastoma cells (VolIrners and Birchmeier,

1983b). Subsequently it was found that the inhibitory effect ofthis MAb on B-16

melanoma cells was due to the interference with'cell adhesion to laminin (Vo1lrners

et al., 1984). A MAb, 14C5 bound an extracel1u1ar plasma membrane antigen of

SK-BR-3 and MCF-7 human breast cancer cells bas been produced by De Potter

and his colleagues (De Potter et al., 1994). This MAb bound to a 50 - 90 kDa

protein complex expressed on these human breast cancer cel1s and inhibited cel1

substrate adhesion of both tumor cell lines in vitro to pronectin, osteopontin and

vitronectin coated wells. It aIso delayed the adhesion ofMCF-7 and SK-BR-3 cel1s

to precultured embryonic heart fragments (pHF-provided extracel1u1ar matrix) and
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inhibited the destruction of PHF by MCf-7 cells as well as the invasion of the

PHF by SK-BR-3 cells. An immunohistochemical study showed that poorly

differentiated, highly invasive breast ductal carcinomas stained extensively with the

MAb specifically along plasma membrane extensions. These data indiC:lted that

the cell-surface detenninant detected by this MAb played a role in cell-substratum

adhesion and in the invasion ofbreast cancer cells.

3.3.5. Conclusion

The evidence sumrnarized above indicates that MAb directed to cell surface

adhesion molecules mediating tumor - host cell or tumor - host organ ECM

interactions necessary for metastases formation can potentially inh:;it tumor cell

spread into host organs and thereby inhibit the metastatic process. Such antibodies

may provide potent immunotherapeutic tools for prevention and treatment of

metastasis.
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4. Lewis lung carcinoma (3LL) and the sublines

4.1. Lewis lung carcinoma: origin and metastatic properties

Lewis lung carcinoma (3LL) arose as a spontaneous long carcinoma in a

C57BU6 mouse (Sugiura and Stock, 1955) and was diagnosed as a poorly

differentiated epidermoid carcinc.ma It bas been maintained thereafter either by

animal transplantation or in culture and bas been studied extensively in numerous

research centers. The tomor is rapidly growing, reaching a size of approximately

18xl2x9 mm 14 days after s.c. transvl::::tation and cao become extremely

hemorrhagic. The lung metastasis cao be produced follo,;;~ng subcutaneous, intra

muscular or intra-footpad injection ofdispersed tomor cells (Gorelik et al., 1978).

Spontaneous liver Metastases of3LL parental cells are rare, but have been

generated by intrasplenic injection of the cells (Kopper et al., 1982; Paku and

Lapis, 1993). Hepatic Metastases of 3LL have been reported to occur in hepatic

acinar zone 1 regardless of how the cells reach the liver, the diameter of the

sinusoids, the concentration of Kupffer cells in each zone and the distribution of

ECM in the subendothelial space (Barberâ-Guillem et al., 1989).

4.2. The sublines H-59 and M-27 of3LL

Two metastatic sublines of 3LL developed in our laboratory are the lung

metastatic subline M-27 and liver metastatic subline H-59 (Fig. 5, page 74). The

majority ofcells ofboth tomor variants retain the characteristic morphology ofthe

parent line, with the exception of a higher incidence of giant cells in the Iiver -
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metastatic subline (Brodt. 1986). The growth rates of these two sublines in vitro

and in vivo are sinülar. Visible tumors are developed by 14 days foUowing Lite s.c.

injection of 105 tumor ceUs.

M-27 was selected and subc10ned from a 3LL pulmonary melastases

(Brodt, 1986). Sinülarly to the parent line ceUs, M-27 ceUs form pulmonary

metastases only foUowing ï.v. or s.c. injection of tumor ceUs. Lymphatic

metastases ofM-27 have not to date been observed. M-27 ceUs do not metastasizc

to the liver following s.c. or ï.v. injection oftumor ceUs.

H-59, the turnor model used for my study was selected and subcloned from

rare 3LL hepatic metastases. When injected s.c. into C57BU6 mice, tumor H-59

cells metastasizes to the regional Iymph nodes draining the tumor site to the

mesenteric Iymph nodes and to ti'e liver (Brodt, 1986). The ability ofH-59 ccUs to

meta.>"1aSize to the Iymph nodes in vivo was shown to correlate weU with their

adhesion to frozen Iymph node sections, but not to iselated lymphocytes (Brodt,

1989a). A MAb 12/50 which recognized a 37 kDa molecule on H-59 cells surface

significantly reduced tumor ceU binding to the frozen Iymph nodes sections

(Shestowsky et al., 1990). H-59 ceUs can aise metastasize to the lung during the

later stages oftumor spread.

The ability ofH-59 ceUs to metastasize to the Iiver was found to correlate

well with their adhesion to hepatocytes in vitro (Brodt, 1989b). Two

subpopulations of H-59 were selected on the L1sis of adhesion of H-59 ceUs to

hepatocyte monolayers. The highly adherent cell line was found to be highly
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metastatic to the liver. whereas the non-adherent ceUs either failed give rise to or

had a low incidence of hepatic metastases in mos! of the animal injeeted (Brodt.

1989b).

4.3. Other metastasis-associated properties of H-59 eeUs

Summarized below are other findings obtained in our own and other

laboratories relevant to the metastatic properties ofH-59 ceUs.

4.3.1. Adhesion ofH-59 cells to ECM proteins

3LL and its sublines H-59 and M-27 were found to adhere differently to

extracellular matrix proteins (Chung et al., 1988). It was shown that the parental

ccII line 3LL adhered preferentially to fibronectin, M-27 adhered weIl to

fibroneetin, and type V collagen, but poorly to laminin, type 1, and IV collagen or

to heparin sulfate, while H-59 cells were highly adherent to laminin as weIl as to

fibroneetin, but did not adhere to heparil' sulfate or to any of the collagen types

tested (type 1, IV and V). Since these three related ceII Unes with differing

metastatic specificities have differences in their abilities to bind to defined matrix

molecules. such differences may play a role in the preferential colonization of

tumor ceIIs in secondary organs in vivo.
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4.3.2. H-59 eeUs secrete basement membrane degrading enzymes

H-59 eeUs produee and secrete severa! basement membrane - dcgrading

proteinases and they differ both quantitatively and qualitatively from enzymes

produeed by M-27 eeUs (Brodt et al., 1992). Namely H-59 eeUs were found to

secrete high levels of a 72 kDa gelatinase (also called gelatinase A. type IV

eoUagenase or MMP2, see 1.3.2.), high levels of cathepsin L and low level of

cathepsin B, while M-27 ceUs only express detectable levels of cathepsin B but

produee high levels ofuPA (Brodt et al., 1992). Both TIMP-2 (tissue inhibitor of

metalloproteinases 2) and the cysteine proteinase inhibitor E-64 eompletely

bloeked tumor eeU invasion in vitro in a matrigel (reconstituted basement

membrane) invasion assay and treatment ofR-59 ceUs with E-64 markedly redueed

their ability to form liver metastases suggesting that gelatinase A and the cysteinc

proteinases are involved in a proteolytie cascade mediating tumor eeU invasion and

early events in liver eolonization (Navab et al., 1995) .

4.3.3. E-selectin mediates adhesion of H-59 eeUs to Iiver sinusoïdal endothelial

eeUs

In vitro studies have shown that R-59 ceUs adhered to mouse Iiver

sinusoidal endothelial cells significantly better than M-27 eells (Brodt et al., 1995,

manuscript submitted). This adhesion could be significantiy enhaneed when the

endothelial ceUs were preactivated with recombinant mouse TNFa.. An anti-E

seiectin MAb reacted with the stimulated endothelial cells and inhibited the
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enhancement of H-59 adhesion caused by TNFa activation. Pre-treatment of

tumor cells with BZ-CL-GaINAC (an inhibitor of O-linked glycosylation) abolished

the enhanced adhesion due to TNF-CL activation of the er:dothelial cells implicating

a mucin in the adhesion. Furthermore an antibody to E-selectin blocked liver

metastases formation by H-59 cells. These results suggested that E-seleetin on the

hepatic endot.'telial cell <;an bind H-59 cells through an O-linked glycoprotein and

that this adhesion plays a role in H-59 metastasis to the liver.

4.3.4. H-59 cells express higher levels ofganglioside GM2

Gangliosides are sialic-acid-containing glycolipids which are distributed in

ail mamma1ian plasma membranes but are most abundant in the brain

(Svennerholm, 1963). They are involved in many cell functions such as cellular

recognition (Kojima and Hakomori, 1989) and adhesion (Cheresh and Klier,

1986). They are aise considered to be tumor-associated markers (Hakomori,

1986). Coulombe and Pelletier found that different patterns of ganglioside were

expressed on the surface of 3LL, M-27 and H-S9 cells (Coulombe and Pelletier,

1993). No differences were found in the ganglioside patterns expressed on 3LL

and M-27 cells derivOO from s.c. tumors or lung metastases whereas metastatic H

S9 ce11s had a higher GM2 (II3NeuAc-GgOSC3Cer) level than cells derivOO from

local s.c. tumor. Interestingly, GM2 was aise identifioo as the predominant

ganglioside in livers of CS7BU6 mice. This 100 to the conclusion that this
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g1ycolipid may be associated with the establishment of liver metastases possibly by

mediating cellular adhesion and motility (Kojima and Hakomori, 1991).

4.3.5. Other carbohydrate moieties on H-59 cells

The carbohydnite moietics expressed on parent 3LL cells and on the

slIblines have been analyzed using lectin binding assays (Kahn et al., 1988). It was

found that tumor H-59 expressed increased levels of peanut agglutinin (PNA) and

seybean agglutinin (SBA) receptors as compare to the primary turnor cells. Since

high levels of these receptors could aise be detected on hepatocytes, it is possible

that these receptors may aise involved in Iiver colonization by H-59 turnor cells.

4.3.6. H-59 cells express IGF-l receptors

The type 1 insu1in - Iike growth factor (lGF-l) is involved in growth

regulation ofhoth normal and malignant ceIIs (Yee et al., 1988) (aise see 1.3.3).

Our laboratory has found that the proliferation of H-59 ceIIs could be

stimulated by hepatocyte conditioned medium and identified IGF-l as the

mitogenic factor. H-59 cells were found to express significantly higher leve1s of

mRNA transeripts encoding the IGF-l receptor than M-27 ceIIs (Long et al.,

1994). When H-59 ceIIs were transfected with a plasmid vector expressing IGF-l

receptor cDNA in the antisense orientation, the transfectants had amarked1y

reduced expression of the IGF-l receptor, 10st the ability to respond to IGF-l in

vitro and could not form Iiver metastases in vivo (Long et al., 1995). These resu1ts
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suggested that paracrine growth stimulation by hepatocyte - derived IGF-I may

play a regulatory mechanism in liver metastasis formation by H-59 ceUs.

4.3.7. Conclusion

Together, these findings indicate that severa! host and !Umor - dependent

factors are involved in liver metastases of H-59. These include the attachment of

turnor ceUs to ECM components, the degradation of basement membrane

elements, different interactions between the !Umor ceUs and liver tissue elements

(ceUs or ECM) mediated by ganglioside as wel1 as ir.tercel1ular interactions

between the turnor cel1s and SEC mediated by E-selectin. In addition. paracrine

growth stimulation by hepatocyte - deriveG IGF-I also plays an important role in

regu1ation orR-59 growth in the Iiver.
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Figure 5. Lewis Jung carcinoma and sublines

•

Two metastatic sublines of 3LL used in this study are the Iiver

metastatic subline H-59 and Jung metastatic subline M-27. Turnor H-59 cells

also metastasize to the regional Jymph nodes, and a Jow incidence of Jung

Metastases bas been observed. The H-59 adherent cells (H-59 AD) were

se\ected by adhesion ofH-59 ceIIs to hepatocyte monoJayers and were highly

metastatic to the Iiver. MAb C-ll was produced by immunization with H-59

AD cells. The H-59 non-adherent cells (H-59 NA) either failed to give rise to

or had a Jow incidence ofhepatic Metastases.
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5. Rationale and objectives ofthis study

Despite progress in recent years in the design of new and potent anti

cancer drugs, the therapeutic options and prognosis fcr patients diagnosed with

liver metastases remain Ull3atiSfactOry. The design of more effective therapeutic

reagents can be achieved through a better understanding of the biology of the

process ofliver colonization. Cell adhesion molecules have been widely implicated

in malignant dissemination. In particu1ar, cell-cell interaction between tumor cells

and organ parenchyma1 or non-parenchyma1 cells have been identified as important

processes in turnor metastasis.

Liver metastasizing turnor cells are norma1ly retained in the sinusoids of the

liver. Since sinusoidal endothelial cells lack a continuous basement membrane and

there is no basement membrane around the hepatocytes and furthermore, the

hepatocyte microviIIi project through endothelial fenestra for ready exposure to

sinusoidal content, the turnor cells arrested in the sinusoids can interact directly

with the hepatocytes through appropriate adhesion molecule(s) leading to liver

metastases formation. Severa! in vitro studies have shown that cell adhesion

molecules which mediate turnor cell-hepatocyte adhesion may be involved in liver

metastasis. However, the relevance ofthese molecules to the proeess of metastasis

in vivo bas not been confirmed by experimental data.

Using the liver metastatic subline H-59 of the Lewis lung carcinoma, we

found a positive correlation between the liver - metastasizing potential of H-59

cells in vivo and the ability of H-5S cells to adhere to hepatocyte monolayers in

vitro. In an attempt to identify and characterize the adhesion molecule(s) which

were involved in the turnor cell-hepatocyte interaction and to understand the

function ofthis adhesion molecule in liver metastases formation, a MAb (C-ll)

was produced and used in in vitro and in vivo experiments. These studies are

descn'bed in the following chapters. (Chapter il and Ill).
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Identification of an Mr 64,000 plasma membrane gfycoprotein

mediating adhesion of tumor H-59 cells to hepatocytes.

In vitro event

Wang J, Fallavollita L, Brodt P.

Published in: Cancer Research, 51:3578-3584, 1991
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Chapter II

Summary:

Turnor H-59 is a Iiver-homing variant of Lewis lung carcinoma (3LL). A

good correlation has been demonstrated between the liver-metastasizing potential

ofH-59 cells and their ability to adhere to hepatocytes monolayers in vitro (Brodt,

1989). In order to identify the adhesion molecule(s) involved in H-59 cell adhesion

to hepatocytes, a MAb, Coll (IgG}) was produced. In this chapter, the effect of

MAb Coll on cell adhesion in vitro was examined. It was found that this MAb

was highly specific to hepatocyte-adherent tumor cells as determined by ELISA

and indirect immunofluorescence. The antibody as weil as its F(abh fragments

could block adhesion of H-59 cells to the hepatocyte monolayer when used to

pretreat either H-59 cells or hepatocytes. A Western blot ana1ysis revea1ed that

MAb C-II recognizes a 64 \cDa molecu1e present in H-59 celllysates or enriched

plasma membrane preparations. Under reducing condition, a shift in the migration

of this rnolecu1e to the 71 \cDa region was noted indicating the presence of

inttachain disulfide bonds. Pretreatment of the H-59 tumor cel1 Iysate with N

g1ycosidase F followed by Western blot andysis showed that this enzyme while it

did not affect C-II binding reduced the molecu1ar mass of the Coll rnolecule by

approximately 43% suggesting that it was heavily g1ycosyiated. The Coll molecule

could aIso be detected on cultured hepatocytes and on a hepatocyte celllysate, but

was undetectable on spleen cells and thymocytes. Turnor M-27, a lung rnetastatic

subline of3LL reacted ooly weak1y with MAb Coll.

The results presented in this chapter suggested that a g1ycoprotein

expressed on H-59 cells and hepatocytes rnediated the adhesion of tumor H-59

cells to the hepatocytes.
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Tumor JI.59 i, a \2ri2nt uf th~ Lc,.i, lun~ orcinOm:l ,.-hich i~

t:1~la,r2Ii(' ru rhe: 'her. In prl'\iulI' ~tudiC"i ,.e h:a\l' ,ho,.n Ih:lt Iher
met2'ta~i, in rhi, rumor modcl C'orrcbl~ ,.ith adhl.osion in rÎrro 10

11C'p:lIOC)'lc mClnrlb)'cr.. (Brod:' P.. ain. Exp. )lctast2Sis. i: 52S-539~

1989). In aD :lltempr ro idl.-r.tir~ Ih'! adhesion moll."('lJle(s) in\'olnd.,
monoclon:al anribodi~ "ere produC'l."d. One monoclonal 2ntibod)' C\J,\b
C-I') "2' hi~hl)' ,pecifie 10 hepat~1e-adhel'C'nt tumor cells. The :lnli
bod) (an I~I) and Ffa~:: fras:ment~ blockrd tumor œil :lltachmmt 10

hepalCK')'trs ,.hile ha\'ins: no crrect on tumor œil adhesion ta b2~mcnl

membrane prolein~ C'O:llrd onto eulrure dish~. Weslern blot :ln:rl)'sis or
'Olubili.tcd 11·59 pl:lsm:l membranes or ccII I)"SOIICS sho'n"d lh2t the
anlibod~' rCCOJ:Diles .lin .\1, 64~OOO prolrira. Trcllmml "'Îlb N-J:l)'c:osida~

F prior to W«.'Slcm blot an:rl~'sis 1'C'\'Cllcd 1h:l1 N-linkcd Clrboh~'drate

Ibidues conslilulC appro'\.im:lICI)' ol37.- of Ihe lot:al "cil:ht or Ihis mole
culc. Thi~ s:1~'coprolrin is onl~' "elkl)' explbscd on tumor M-27~ aluns:
specifie ~ubline or the 1.e'Mis luns: ClmnOm:l (Brodl~ P.. CancerR~ 016:
2ol-a2-20U8. 1986). is undelretable in pbsma mrmbrane prep:muions
oblaincd from spll.ocn (Clis and Ih~'m~lcs.but Cln he ddcetcd on cultured
hcp:al~'t~ and in hrpatCK1'te cell I)'s:llcs" ?ull'C':ltmml or tbe hep:al~

C)tcs ,.ith :'\1o\b C-I 1 also rcsulted in inhibirion of tumor cell :adhesion..
Th~ results sUJ:J:cst Ih:at this ~1)-C'Oprotcinmedi:ut' the :ltl:.ehmmt or
11~59 cclls 10 hepalOC)'t~

1:\'TRODt:eTIOi"

The hosl-lumor inlemclions which regul'le Ihe sile seleclivil)'
of melast:lSis h3\'e been lhe subjecl of numerous investig:llions
and mueh deb3le in Ihe p~:: ccnlu,;' (1. 2). E,'idencc derh'ed
m.inl~' from e,perimenl.1 lumor models .nd supponed by
e1inic:d obsel'\'3lions indic:llcs Ih3l mulliple f.ClotS. both spc
dfic and nonspecific. delermine Ihe Ullim3le sile of growth of
dissemin'led lumor cclls. Thus. while Ihe 1~'mph3lic .nd '":IS

cul.. dmio.ge of Ihe prim• .;' sile inili:dl~' delermine lumor œil
'c:c:css 10 second• .;, org.ns. subsequenl specific iniemClions
belween lumor cells .nd Ihe l3rgel org:ln ,=1.. endothelium
(3-5). e"mcellul.. m.tri, (6-9)••nd slrom.l.od p:lt'Cnchym:d
cells (10-12) are Ihoughl 10 regul3le lumor cell polentml 10
form mel:lSI:lSCS (for re,'iew. sec Refs. 2 .nd 13). Thcsc specific
inlemclions m.~' invoh'e lumor ccII .dhcsion moleculcs which
rcc:ognize org.n·specific delermin.nls on hosl cells .nd m.trix
.nd/or solublc medi3lors presenl in Ihe org:ln mic:roccviron.
menl (101-16).

Th.lh'er is Ihe prim.ry sile of mel:lSt:lSis for ...eml common
hum.n m.lign.nc:ies (c.g•• Clrc:inom:lS of Ihe gostroinlcstin:ù
ImcI) (17). Yel. Ihe mcc:h.nisms regul3ling Iiver c:oloniZ3tion
b~' ",mor cells ..e nol full~' underslood. A p.uc:ily of inform.·
lion is p.nicul..I~' nOled in rcgord 10 ncopl:lSms of epithelial

Ra:~i\rd :''7J'U: :l(ttplrd 4/17191.
Thc CtKb of publil::uion of this :lniclr "UC' dcfl':'~rd in ~n l'I~' ~hc ~~'mI:ft1

uf pa~ ('h:l~ Thi!> anidc mu~ Ihm:fore br~' m;rkrd adrm;~mmrin
a(\"rd:a~ "'ilh ut l'.S.C. Section 1734 ~lcl~'lo indic:nr Ihis f:ICI•

1SuPPtlnrd b~' a J:I'lInl from lhe ~lrdÎC':lI R~rch ~ouncilofC:ln:ld:L
: .R«ipinu of:l Iitr.ldU.:lle sludml a'Mo'::ard from ahe F::aaall~' of Mrdicinc and 1bC'

Ro~::al \'iI."tom Hospilal Rnc:af'(h In~iIUIc.

t Tt1 ,.hom rt'qUN' for ~rinl~ should br :lddl't!\,'iCd,. al Dcp:anrrn:nl of
SUfl:C"'. Dhi,il'n ofSull:iol Rnc:af'(h" ~tcCiilll·ni\rNt~,. 7.:0 DocIcur Pcnrteld
:\\cnuc. ~h1nlfQLQuche\:. H),\ 1,\':. Canada.

ongin because few experimental models of Ih'er-homing carti
nomas arc 3\'3i1::J.ble for study.

ln pre\'ious studies we found that the potential of tumors H
S9 and M·27. IWO sublincs of lhe Lewis lung Clrc:inom. wilh
different organ spccificities to metastasize tO the 1Ï\'er. cClrre
l3led wilh Iheir .dhcsion 10 prima.;' cultures of hep3loC)'lcs
(1 g. 19), H-S9 cells were subsequentl~' fmclion3led inlo Iwo
subpopul3lions wilh high .nd 101' pOienti.ls 10 colonize Ihe
Iiver on Ihe b:lsis of Iheir dilferenli.1 .bilil~' 10 adhere 10
hep3loc:yle monol.yers (19). In Ihe presenl in'cslig:llion 'n
MAb' specific 10 • highl~' .dherent .nd mel:lSl31ic subpopul••
lion of lumor H·S9 W:lS produccd .nd used 10 ch.mClerize Ihe
.dhcsion molecule in"oh'ed.

;\tATERIALS AND METHODS

Mite

CS7BL/6 rem:ale mice (7-12 weeks old) were usrd ror immuni:c.tion
.nd (C57Bl/6 x BALB/c)FI wcre use<! for production .nd moinl"
nance ofhybridoma ascile5. The animais were purchased rrom Charles
Rh'er C.Il3d:lIMonl....L Queb«:. C.Il3d:l).

Cell Lines

The ongin and met35tatÏC' and adhesi\'e propenies of sublines H~59
and 1\1-27 of the Lewis lung t::lrcinoma h::J.\'e been desc:ribc:d pm'ioush'
(6~18~J9).The tumors wen: maintained in r;ro by s.c. implant:nion of
Ih..r (H·59) .nd lung (M·27) mel3St:lSeS den,'ed from .umor-be:uing
miœ. into new recipient animals.

Single<eli suspensions or the tumors were obtained ~. enZ)'matic
digestion of the solid tumors in a O.02~ tr)'PSin solution in PBS-EDTA
:IS wc described prcviously (18). Whcre requin:<!. lumor ..Ils wcre
culture<! in RPMI·I640 supplemented wi.h 10\< fe131 e:l1fserum (Gibeo.
Burlington. Ontllrio. C.Il3d:l). 0.0\ M N.2.h)'dro,yelh)'lpiper:lZin..,\'.
ethanesulronic :lCicL and 2 x 10-" M glutamine. Tumor cells wet'e
cultured for 1-2 "''teks prior to use in the adhesion 3SS3)'S or prior to
preparation or plasllUl membranes and œlll)'S3tes.

Fibrobl:tslline 3T6 w:tS ob13ined counes)' of Dr. W. l.:lpp (OcpL of
Ph)'Siology. Mc:GiII Universi!)'. Monl....L Queb«:. C:m:Id:l) .nd m:tin·
13ined in RPMI·I640 supplemented "ilh 10\< fel:tl e:l1fserulll. 0.01 .,
N·2 hydroxYClhyl pipcr:Wn..N-eth:lnesulfooic :u:id. .nd 2 x 10" M

g1u13mine. Ali ..Ils wen: cultured .1 37'C in • 5% CO, incub:llor :md
fed once or twic:e weekly as required. Monola)"et'S were dispersed b)'
iocub:llioo WÎlh eD%)lII..f.... PBS-EDTA for 5-10 min 3l37'C (18).

Monolayers of splmic l).111ph0C)1es in mic:rotiter weil pbtes were
prcp:lred using poly·...I~'Sine :lS prcviously dc:scribed (20).

AdhesiOII Assa)'

Pri~ mousc hcp:llOC)'le cuhures wen: prep:ued by coll:lgen...
perfusion (21). The eulture conditions :md .dhesion :way wen: d..
sc:ribed in del:Ù1 elscwhcre (19). Non.dhcreol ..Ils (H·59NA) wen:
h:tn'CSted by repe:lled w:tShing ofthe hcp:lloc:yte monol:lyer WÎlh PBS.
Adherent ..Ils (H·S9AD) wen: eluled olf Ihe monol:lyers by ineub,"ion
in PBS-EDTA for 10 min .t 3TC. Tre:ttmenl of lhe .umor ..Us wi,h

"The :abbf'C\'i:uions ustd :are: MAb. monoclonal anlibod~,: Pas. phosphate
butrm:d saline: EUSA. ml)1ftC'-linked immunosorbc:rn:l.U:l)'; &SA.. bcwinc serum
::aIbumiD: PM~ pb$m:a membr::lnc: SDSoPAGE. sodium dodc:c:)'l sulrate-pol~':ICI')'I.

amide~ clcarophortSis: C,\M~ ccII sbcsion molcadc.
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fig. 1. AntibodyC-1I ~izcsa~ubpop- c

ul:nion oCnlmor H·59 sc!wr<! for :adhcsion to s:
h(pOll0C)1cs. Target cells wcre Sttdcd into 96- :!.
",ell plates al :a densiry of S x 10" cells/well. :::i
ELISA tcsts werc pcrl'13n.:ccf on ccII mono- ..
byc:rs~ h l:u(I'. Co/umm. mC2ns (ban. =50) 0
of.; assays. 0.0.. absorbance.

Cclls

lunÎamycln and various enzymes prior tO the adhesion :&SS:1)' was
carric:d out as previously described (22).

Adhesion to M:lIrigel~ted Wells

M:urigel (3 kind girl of Dr. H. Kleinman. National Institutes of
Health. Bethesda. MD) WOlS 3dded ta 24-wcU plates 31 :1. conc:entr:uion
of 1 mg/ml and 3110Wed to dry in :1. laminar tlow hood o\'cmight (23).
Ta each weil 5 x l~ "Cr·bbeled tumor ceUs wcre added and then
incub:ued al 37·C for the spet'ified lime intervats. Adhesion W3S quan
titated as described above for tumor adhesion to hep:llocytes.

Production of Monoclonal Antibodies

Immuaizarion. The method used to generate MAbs specifie for H
59AD cells bas been dcsc:ribed in detail e\sewhere (24). Tolerance 10

œil surfaœ determirmnts expressed on H-59NA œlls W3S induœd in
syngeneic C57BL/6 mice by i.p. injection of 10' 'Y.il'1'2diatcd (10.000
rads) H-59NA cells. followed 3 days ta.er by an injection ofcyelophos
phamide (Proc:ytox: Homer. Mon.reaJ. Quebec. Canada) os dcsc:ribed
before (n).lmmuniza.ion wi.h H-59AD cells followed. using injections
of 10' ,..il'1'2diatcd cells on alterna.e weeks. Th... days following .he
third inoculation the animais were saaifiœd and thd:- spleens remo\'ed
for fusion.

Fusion Procedure and Sereening. Myeloma line SP2/00Ag 14 (ob
taincd counesy of Dr. A. Sullivan. Mc:GilI Cancer Centre; sec Ref. 25)
W3S used for the fusions. The fusion procedure W3S .hat previously
dcsc:ribed (22). Hybridoma supernatanlS were saeencd by ELISA (25).
Hybridomas which secreted anu1lodies of interest were cloncd by the
limiting dilution method.

1sotypÏD&orthe ADtibody.Antibodieswere isotyped using the ELISA.
A mouse monùclonal subisotyping kit obtaincd from HyOone Labo
ratories (Logan, un W3S used aeeording to the illSlt'UClions of the
rnanufae:turer.

laltDUDOO.........,.. Aaalysis. Indirect immunoOuoresa:nce tabeliag
W3S earricd out OS we described in detaile\sewhere (n).

Connl ADtibodies. The following anu1lodies were also used: (a)
MAb 12/50 (an IgGl) was produced in our taboratory (n). The
anu1>ody reacts with IUmar H-59 but dues aot discriminate betwcen
adherent and aonadherent cells; (b) MAb CL9002 (an 19(3) W3S

obtaincd from Cedarlane Labora.ories (Homby. Ontario. Canada). Il
is speeîrlC for the H-2D' determinant which is expressed on IUmor H·
59; (c) MAb OIMLEUKIO (an IgG2a) which reacts with the Ly15.2

(LFA-I) determinant of leukocytcs W:\S obtained from Cedarlane Lab
or.nories. Rabbi. antiscr.lto 8.."A wa... from Cappel (Oll:anon Teknib.
Scarborough. Ontario. Canada).

Purification of Antibodies. MAbs C-II and 1~/SO were purified by
amnit)· chromatogf'3ph)' with Affi·Gd protcin ,\ MonOl.:'lonal Antibody
Purific:uion S)'Stem (MAPS Il: Bio-Rad L:lbor.llories. Mis..~issauRa.

Ontario. C:lnada) according to the inslructions of Ihe nlanufacturer.
Preparation of F(abh Fnaj;tments. F(:lbh frolRmenls of antibody C-II

were prepared using immobilized pcpsin (Pierte. Rockford. ILl accord.
ins; to the instructions of the m:lnUfaC1un:r. The Fe fl'01gments were
SCpaf'3led on :l protein A-.:lprosc ..ffinity columns (sec aOO"e) and the
F(:lbh fr.lgmenl<Ç funher purified by high performance liquid chroma.
tography (W:lters:. Prou:in Pak 300 SW: column. 0.75 x 30 cm). using
0.1 M sodium phosphate buffer. pH 6.5. and a Dow r:ate of0.5 ml/min.
The absorb:ance W:lS monitored Olt 2~4 nm (:lbsorb:mee deh.oclolr model
441). and the pe;1k fractions wer': pooled. dialyzcd. and concenlr.ated.
Puril)' of lh. fragmenl< wos confirmcd by SOS-PAGE as doscribed
below.

....paration of Cell Lysates. Culturcd cells wcre harvestcd and lyse<!
in a solution of t% Triton X-IOO containing 20 mM N-2 h)'droxyethyl

Fi&- 1. IDdirtct immunonuorac:cnce labcIina of H-S9 eclls with MAb C-II.
V-..ble H-59 ecl1s(2)( I~ in 0.1 ml medium) WCft: incubllted with a 1:20 dilution
ore-II ascilcs ror 1 b aI4-C. F1uorcsccin ÎiOlhiocyan:.ate<onjuptcd lQat'lanti
mouse liG wu uscd as Ihe xcond anliboc1y. (X 4500).
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Fia. 3. Anlillod)' C·I J blocks the :Idhcsion of lumor H-S9 to hep:llOC)1cs" The
adbnion of nonfr:l':lion:u~ H-59 cell~ (A) and of Ihe adhe~nl tumor ceUs H
59AO (D) wa.\ measured following [umor ecU incubation with :ascites Ouid (1: 10)
of Inlibodie\ C-II and 12/50. MAb CL900:% 10 the H-u)· detmninanr was
partÎAlly purircd a.1oCiles Ouid diluled 1:100 (lhis dilution was delmnined by
EUSA to'laUlt in a Wiel ofanlibody binding c:omp:ll':llble tO lh:!t ofC-II ascites
nuid atlhe dilution ustd). MAb OIMLEUKIO to LFA-I was used at a dilution
of 1:25. at which maxim#l iPC'C'ifie inhibition was 5ee'n. CeUs (I~ in 0.2 ml) wen:
incu~led with the anribodies for 1 h al 4-C and lhen wuhed 4 times with RPMt
10 remo'o'C unbound IIntibodics" Adhesion 10 hepalocytes W:tS measurcd ll.< de
Kribed in-MlIlerialsand M~hods.- Columns. mcans(bcn. SO)of3 experiments.
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Monoclonal Antibody

pipc:razine-N-cthanesulfonic acid. S mM MgCI:. 2 mM phenylmethy
sulfon}" nuoride. 0.5 j.lg/mlleupc:Plin (Sigma) and 0.7 j.lg/ml pc:pstalin
(Sigma). The lysate wa.c; cleared by centrifugation al 16.000 x g for 10
min. and aliquolS were prepared and stored al - 20·C.

Iso1:ltion of PM. PMs were prepared from cuhured H-59 and M·27
eells by a modifiC:l1ion of the method described by Monneron and
d'AJayer (26) as we described in detail elsewhere (22).

Cel Electrophoresis. Prior to anal)'sis by SDS-PAG~ PM prepara
tions were soJubilized with 1% Triton X-JOO and cenlrifuged for 60
min al 122.000 x gin:t Beckm:tn uhracentrifuge 10 remove aggreg:ues.
Solubilized PM or cell Iysate samples were separated on 7.S or J0%
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Antibody concentration (~glmL)

Fig. S. Inhibition of lumor ceU :ldhesion 10 hepalOC)'lcs b)' F(:lb): fl'3ements of
antibodyC.II. One million H~S9 cells were incub:ued for 1 h:ll 4-Cwith 0.2 ml
of RPMI containine the spccified collCelur.uion of purified :lntibody. Cells
incubated with F(:lbh wen: added 10 hepatOC)'les monob)'m either directly (.o.)
or followine extensive wuhine to n:movc unbound :anlibody (.A.). The :adhesion
ass:t)'S were c:arried out:as de:scribed. Cells tre:lted with whole antibody C-II (e)
or with MAb 12lS0 (x) were:also wuhed prior 10 the .dhcsion assay. Results are
b:tsed on lripliaue s:lmples. 50. 2-8" of the mnns.

1

cB

8 9 1011 1213

ÏIi

A

1234567

71_
68
64-

'II- 6. W....... bto,_,.;s wilb MAI> C-II (A aod B) aod ..â-BSA (C). A•
....lIs or__carrled ou, UDderrtdaàqcoodilio.. l.I1M1. H-59Iysal<;_
2. H-59 soIubilized pluma bIec: _ 3. bcpa.ocy1C lysaI<; _ 4. M-27
lysaI<; _ S. M-r/ pluma brallc; 1... 6. lbymocylCS 1)'Sllle; _ 7. spIc<n
cclls lysa... B, noortd1>cill& condilioas.l.I1M 8. H-591ysa1<; _ 9. M-r/lysal<;
_10. H-591ysale bIoncd wilb oonnalmouselaG; _11. H-591ysate bloned
wilb SP2/G-Aa 14 asdl<S. c: llUriGcd BSA bloned wilb ..."body 10 BSA l_m..d MAI> C-II (_IJ~ProICÎllS __ ....1-..1 o. a 109(, SDS-PAGE.
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Antiboày Dilution
Fia. ... Prettuunenl of hepalocytU or H·S9 ceUs witb MAb C-II inhibits cell

cell adhaJon. Prior 10 the Idhesion USI)'. MAb C-Il ascites (e) or a conttol
asdlQ procuced with myeloma Sr./OoA& 14 CD) we:re a4dtd al lhe dilUtions
indie:atcd (redproeal of dilutions showa) 10 48-b-01d htpatocyte cultun:s and
inc:ublted for 1hat4-e. Unbound anb"bodywu mnoved b)'washm,.. HepalOC')'les
incuba,cd with Pas~ uscd as conttols. Pn:uaUDent oiH-S9 celis witb CIl
~ or ""tb the: control ascites (C) wu CII"ried OUI under similar colKlitioas. As

~
a&kdcontrol the cfTect ofMAb C-I 1on the Idhl:Sion ofH-S9 celis 10 culture

. _.cd wilb 1 lilI/mi Malliacl W or 10 lIlr/lIll BSA l.l) ..... aIso lCSl<d.
Incubltion WU for 60 min al 3Te. Unbound cells~ remO\'td b)' wuhin;.
Adhesion ofuntreltcdcells 10 Mabiael-eoalcd dishcs (aot sbowa) wu JO';. while
adhcsioa 10 BSA-coalcd dishes wu ::%.4".
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ms protcin in PBS. pH 7.~. ~ontJininl: lU''(. l'ritt,ln X·IOO WJ!i ;l,ppliC'll
to 1he I~G column. The column Wa!i wa!ihed "i1h 05-ll.~S 1\1 N;t('l
cont3ining O.OS~ Triton X-IOO and thC' unbound pro1C'in ;l,prliC't1t\l
the C-II column 31 a r:lte \'1f 0.15 ml/min. The C·II-boum! rrlltl."in
W:L'\ clutcd at the ~mc now raie wi1h O.~ 1\1 gl>'cine-HC1. pH ::5. The:"
pH W:L'\ f<'adju!ilcd ..... i1h Tri$-HC'l. pH Q.O. and the pC;l,"" fracti~'n!\.

(dc1crmined on thc oo.!ii!i of :1bsorbancc a1 180 nml '''Cft poi.l1cd ;mll
c:onc:cntratcd in an Amicon ultrafiltration ~cn. The dua1e .....:L~ separatC',j
b)' SOS-PAGE. and the rrotein band wa.'\ !iih'cr !itained u!iinl: Bi~l·R;ut

rcagcnt!i aC'Cording to thc instru~tionsof tnc manuf:1ccurcr.
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T:able 1 EfJ«t of~1I:ym~or lllftiœmycilllh'tltm~lIl011 th~ aJhai.J1I oft"mOl'
H·$9 to Mptltot:ytn

Enzyme tmalmenl was c::arried out :as desaibed pmiously (22). Trcatmrnl
wilh tunic:amycin (3 ma/ml) w:IS ror48 h (7). CcII viability .ftcr C'nqmC' tmtuncnt
w:IS i/::909; and ali:cr 1he tunicamycin tn::llment il;:70':é. Cell con«nlraliolls wcre
readjusted to delivcr thr same numbl:r or 'Ii.:ablc tells in r:ac:h 1mtlmrnl group.
Adhesion :ass.ay wu carried out :as dcseribc:d (19). Raulls :an! mr.n~ ::t 50 or
lriplic:ates.

Adhn.'on
Treatmmt ~% Qf contml)

tr-aalxl.CKidasc 100 =7
Ncul'llminic1asc 100: 2
Ncunaminidasc + tr-p.lac:tosidasc 50 =10
ExOl:I~cIascs" 30", 1.9
Tunicam)'Cin 30:= 1.S
Pro~ 6:22

• A cockuail or C IDmf'GS exO&lycosidascs WlIS u~ containin& ~hc rollowina
enzymes: a-N·acelylplactouminidasc:. JJ-N·:aectylhexOtaminidate. rr-z..rucosi.
dase. tJ-plactosidase. and G"'mannosidasc in :a buffcr or 8 mM N.,HPO.. 1 mM
KH,PO.. and 0.1 M sodium citrate (pH 6.2).

Fia,. 8. S05-PAGE of solubilized H·59 plotsm.l mrmbnanrs puriftcd by im·
munoatfinity ehromalognaphy on C·I t couplcd otltDro!ir Jtrl~ Two mit ur Triton
X·IOO solubiliud phwna membranr prolcins wa" fil"'\l loadcd onlo Ihe laC
column :and the unbound pl"tein p:aS5ed on lhe C·II c:olumn. Elulcd proiein"
were resolved on a 7.5~ polYacr')'llamidc gel under CA) non~h~imt conditKms
and (B) reducina condition~ IAMS 1 and 4. solubilized unrrxlionaled pluma
membnine: lJ:ftts 2 and 5. proleins rlutcd (rom the IKG: ItllI~ J :snd 6 protrin~

elulcd from the C·II column.
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Fis- 7. Westem blot :analysis or H·59 lysa1e diges1cd wi1h N'IJ1}'COSicbsc F.
Lall~ 1. untreatcd lysIne: ICM 2. Iysate trea1cd with N·lJlycosicbse F: lall~ J. 1)'SIUe
tl'tated with pronase. The Iysate W:IS ~Ivtd on 109; polyacrylamide gels undrr
nonreducina conditions.

polyacrylamide gels as specifiee!. using the method ofKing and laemmli
(27).

Western Blot Anah'Sis. The electrophoretic: tr.lnsfer of proteins onto
nittoeellulose paper(0.2 ~m:Schleicher and Schuell. Mon.real. Quebec.
Canada) and Ihe subseQuenlanalyses wilh MAb C-II wcre perfonned
as desc:ribed by Towbin <t 0/. (28). Arter the transfer. the nitrocellulose
strips were first incubated for 18 h at 4"C WiL~ a solution of 5% skim
milk and 3% BSA to block nonspecific binding sites and then for 18 h
with C-II ascites diluted 1:25 in PBS. Alkaline phosphatase-conjugated
goat anti·mouse immunoglobulin (Jackson Immuno Researc:h Labom·
10ry) al a dilution of 1:5000 was used as the second antibody and
nitroblue letrazolium/5-bromoo4-cllloro-3-indolylphosphate (BOP).
(Bio-Can. TOlon.o. Ontario. Canada) was used as subslrale.

Enzyme 'TrannenL ln some experiments the celllysate was subjected
'0 enzyme digestion with eilher N-sJycosidase F (N-glycanase: Gen
zyme, Boston, MA) or with pro.... (from Strtplomyas griseus; Boeh
ringer-Mannheim. Penzberg. Wesl Gennany) prior 10 the WClcm blol
analysis. Celllysale sampleswere prepared according 10 the insuuClions
of the manufacturer. and 25~ ofproleÏn was treated wilh 0.2-1 uni.
of N-glycanase or 0.35-1.75 units of pro.... for 18 h al 37"C (29).
Control samples were incubated withoul enzyme.

ImmllllOllI"mity Chromalopapby_ FM: mg of purified anlibody was
:eCOUPled.oAffi-Gd Hz bydrazide gel (Bio-Rad) aceording10 the insuuc:-
; tions ofme manufacturer. Ta remove plasma membrane proteins which
. reaet nonspecifically with IgG. a second column was prepared using 8

mg of affinity-purified mouse IgG (Jaclcson Immuno Researeb Labo
ratories». PM preparations were solubilized wilh Tri.on X-IOO. and 2

I~:li
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RESl:I.TS

Hybridom:Js .....cre scrcencd br ELISA on monola)'crs of H·
59AD. H·59:"A. and ;\1-27 cells (19.22). Hybridoma Coll was
subseQuentl)' c10ncd and selcctcd for funher siudy because il
was h;~hly' specific for the adh.rent subpopulalion of tumor H
59 as shown in Fig. ). The antibody rC3cted poorl)' .....ith tumar
;\1-27. 3T6 fibroblasts. and normal syngencic splenoOl'tes but
ga\'c a strongly positi,,'c rcaction with primar)' cultures of he·
patoc)'tcs (Fig. 1). :mmunofluoresccnce analysis with nuorcs
cein isothiocyan:nc·conjug:ued goal anti·mousc IgG confirmed
the spccificity, of the antibody for the adherent subpopulation
as 60~ of the adherent cclls. but only 12" of the nonadherent
cclls were posit;,'ely label.". A tumor H-59 ccII labeled with
the antibody is shown in Fig. 2.

The a,ilitv ofantibodv C-Ilto bloek tumor ccII adhesion to
hcpat~'lc~onolaycrsi~ l';tro "'as subsequcntly tcsted. Tumar
cclls were pretreated with antibody C-II or with throc other
MAhs with diff.:rcnt antigcnic spccificities and their 3tt:1chment
to hepatOOl·te monolaytrs were compared to that of untrcated
cells. Results of these experiments. shown in Fig. 3. demon
strate that antibod,· C-Il inhibited tumor binding signifi<::lntly
beller than anv of ihe other antibodies tested (87% inhibition).
MAb 12/50 a~d a MAb directed againstthe H-2D' determinant
failed to inhibit binding (Figs. 3 and 5). while a MAb specifie
for the LFA-l molecule (30) had a minor inhibitory elTeet on
the adhesion of H-59AD cclls (maximal inhibition. 29%).

Adhesion could also be inhibited b}' pretreatment of the
hepatOC)·tes with MAb C·II as shown in Fig. 4. NOrmal mouse
IgG and a control ascites did not signifi<::lntly black tumor ecll
adhesion to hepatoOl1e5. while antibody' C-Il failed to black
adhesion ofH-59 cells to Matrigel or BSA-coated eulture dishes
(Fig. 4). Adhesion to laminin and l}'PC IV collagen-coated dishes
was also not alTecten by pret=tment with MAb C-li (not
shown).

F(abh fragments of antibody C-I i also inhibited tumor ecll
adhesion to the hepatOC)·tes OiS shown in Fig. 5. Treatment with
F(ab), fragments was Most elTective when they' were added to
the hepatoOl1e cultures together with the tumor cclls.

\Vestern blot analy'Sis :IS shown in Fig. 6 rcve:tled that the
antibody delected an M, 64.000 protein also found in hepato
Ol1e cclll)'5:Ites. Under reducing condition this protein migr:lled
to the M, 71.000 region. There W:IS no deteetable band in ecll
lys:ttes obtained from spleen cclls and thy·m0C)1e5. while a woak
reaction was deleeted with tumor M·27. The protein did not
reaet with either normal mouse IgG or ascites flllid obt:lined
with mY'eloma SP2/0·Ag 14 (Fig. 68). M:\b C-II gave no
reaction with purified BSA (Fig. 6C). while antibodies to BSA
did not reaet with a eclllY'5:lte of tumor H·59 (not shown).

Treatment of the ecll 1}'5:Ite with N-gl}"COsidase F did not
alTect antiix"')' binding and rcvc:ùed th:lt N-linked =bohy·
drates constitute approximately' 43% of the tot:ll weight of this
molecule (Fig. 7). Pretrcatment with pronase abolished :mti·
body' binding.

Immunoaffinil}' chromatography using solubilized H-59
membrane and immobilized C·1l :mtibody W:lS subscquently
used to purify this glycoprotein. Results shown in Fig. 8 con·
firmed the Western blot finding and showed thatthe :mtibody
recognized a single M, 64.000 pl:lSma membrone protein.

To test whether <::lrbohY'drate residues played a role in tumor
ecll adhesion to the hepat0C)1e5. the eclls were treated with
either tuni<::lm)'cin or with SC"erol exoglycosidases prior to the
adhesion ossay. Results shown in Table 1 demonstr:lle th:lt

tumor cell adhesion to hepatocytes W:lS significantly reduced
following tre3tment with tunicamycin or Charonia lampas txo·
glycosidases and to :1 lesser cxtent by :1 combination of neUr:l
minidase and B-galactosidase. Treatment with either B-galac
tosidasc or ncur:lminidasc alone had no efTect.

OISCUSSIOl"

CAMs are now known tO play a central role in the process
of <::lnccr dissemination by mediating ccll-cell and ccII-substra
tum interactions which are essentiaI for (umar cell in\':J.sion and
proliferation (2), While the potential involvement of CAMs in
the organ site specifieil)' displaY'ed by some metastatic <::lncers
has becn postulated (1. 2. 13l. fe" tumor adhesion molecules
which are involved in the homing of <::lnccr cells. <::lrcinomas
in particular. have aetually' becn identified (12. 31 l.

The present study W:IS prompted by our earlier obse",'ation
that a subpopulation of tumor H-59 whieh was highiy' met
astatie to the liver in ";"0 had a signifi<::lntly ele''ated level of
adhesion to hepat0C)1e monolayers in "ilro as eompared to
nonmet:lSt:ltie cclls. This was in agreement with other reports
based on studies of Iymphom~and lymphosarcoma lines whieh
a1so linked hepatic Metastases formation \\ith l1:mor potential
to adhere tO hepatocytes (32) and/or in''ade hepatoOl1e mono
layers in vitro (33).

ln an 2cllempt to identify the adhesion rcccptors involved in
tumor·hepatocyte adhesion in this tumor model. a MAb specifie
for the liver-adherent froetion of tumor H-59 (H-59AD) was
produecd. This antibod)' (C·Il) inhibited the adhesion tO he
patocytes in a specific manner and had lillie elTeet on the
allaehment of H·59 eclls to BSA or extraecllular matrix pro
tein-coated dishes or prim:ll"l' cultures of li' er sinusoidal endo
thelilll eclls.' Morcover. adho:sion tO hepatOOl1es could not be
blacked by pretrcatment of the tumor eclls with either normal
mouse IgG or IWO control IgG MAbs. A third MAb to the
U A·I detcrminant inhibited adhesion only minimally' (ma.xi
mal inhibition. 29%). Thcsc findings coupled with our obser
vation that the lllItibody bound poorl)" to the lung-specifie line
M-27 or to H-59NA eclls suggest that C-Il recognizes a ccII
surfaec molecule direetly invoh'ed in the adhesion ofH·59 eells
to hepat0C)1e5.

Western blot analysis rcveaIed that C·II recognizcs:m M,
64.000 plasma membr:me glycoprotein which under redueing
conditions shifted to the M, 71.000 region. indi<::lting the
presenec of inttacbail' disulfide bonds. N-linked =bohydr:lle
residues wcrc found to constitute approximately 43% of the
weigbt of this molecule. Our dat:l suggest that tbe N·linked
=bohydr:lle moieties are not csscntial for MAb C·1l recog·
nition but mal' play a funetional role in adhcsion beea.use the
cnzymatic removal of ecll surfaec earbohydrates signifieantl)'
redueed tumor adhcsion to hepat0C)1e5. Thcsc rcsults. howcver.
do not rule out the possible involvemcnt of glyeoeonjugates
present on ecll surfaee molecules other!han the C·II :mtigen.

Tbe C·1l detcrminant is aIso expressed on hep:lt0C)1es :IS

shown by ELISA and Western blot :malysis. Blacking experi
ments suggested that cc11-ce1l adhesion in this model requires
panieipation of the molecules expressed on both ecll l)')lcs.
Whether this intcr:tetion involves a homophilic <::ldherin-like
recognition proeess (34) or is medillted by dilTeront reccptor
and ligand structures expressed on both ecll types (heterol}')lie

, P. Broch and O. Morin. l'be :adhesion or tumor H·S9 ce1ls to hep~litic

sinusoidal endothelial œlls and 10 hep:atCK:)1.CS are mediatcd by dilTcrent .adhcsion
recepl~ mmuscript in ~tion.



IOE:\T1F1c.,nO'O m- \OHESIO:'" RECEPTOR IS U\'ER METASTASIS
83

•

•

adhesion) remains tO bc dctcrmincd.
Sc\'eral classes of adhcsion rcecptors whieh mcdiatc eell-cclt

adhcsion in dc\'clopmcmal proccsscs. inflammation. host im
munc responscs. and possibly mctast3sÎS ha\'c bccu dcseribed.
Scst eharaetcrizcd among thcm arc (a) thc imcgrin family of
adhcsion rcecptors. in panicular the J: subgroup which plays a
crilical role in leukocvle adhesion (for review. sce Ref, 35). (b)
lhe adhesion receplo':' bclonging 10 lhc IgG superfamily. also
implicated in blood cell interaclions (36). (c) lhe Ca" ·depend·
enl cadherins which Mediate homophilic adhesion and play a
regulatory role during developmenl (3i). and (d) lhe LEC
CA"IS which are expressed on a Variel)' of cell lYPes and
Mediate leclin·like adhesi,'e celloeell inleraclions which can be
blocked by specific sugars, This group includes se"eral adhesion
receplors expressed on leukoc)'leS (LEC.""I I) and endolhelial
cells (ELAM 1 or LEC."M ~) which play a role in Ieukocyle
tramc and homing (38. 39).

Our data suggesl lhat lhe adhesion receplor rccognized bl' C·
II does nOl belong 10 one of lhe leukoc)'le adhesion S)'SlemS
previously descnbed (35) because :l.IAb C-11 did nol reacl wilh
lymphocYles and lh)'moC)'les in FUSA and no reaclion could
be delecled when ccll 1)'S:lIe5 of spleen cells and lhymoCYles
were blolted wilh lhe anlibody. In recent prelimina')' studies
(not shown). we found that a MAb direeled to the mouse P:
integrin chain (antibod)' :l.1l8.~.a.8 obtained counes)' of Or. T.
Springer. Boston. ;I.oIA) failed to block adhesion of H-59 cclls
10 hepatoC)'tes. In addition (as we h3\'e shown). antibodies tO
LFA-I had a minimal inhibitory clTeet on adhesion of H-59
cells to hepatoC)~es. Thus. it appears lhat the adhesion in the
present model system is mediated bl' meehanisms different from
lhe o:l,-integrin-dependent adhesion described reeently for liver
melastasizing I)'mphoma Iines (~O). The meehanism responsible
for the low level of inhibit;on observed when H-59.-\O cells
were treated with antibodies to LFA-I is unclear. One possible
explanation ma)' be that H-S9 cell adhesion to hepatoC)~es

inereases expression of the LFA·I receptor on the tumor cclls
and that once expressed these moleeules pla)' a secondary role
in the adhesion.

The moleeular weight range of lhe C-II antigen and ilS
relativel)' high degrec of N-Iinked glycosylation exclude man)'
of the above-mentioned CA"'I families including the integrin
subunits. the cadherins. and some of lhe larger adhesion recep
lOrs of the IgG superfamil)'. Because our findings suggest that
carboh)'drates are in"olved in the present adhesion Sl'Stem. it is
conceivable that a hepatoc)~e lectin which could be abnormally
e.xpressed on tumor H·59 cells ma)' be involved in the adhesion.
This is supponed b)' our pre"ious resullS of an in Silu lectin·
binding stud)'. In this stud)' it was found that Iiver MetastaSeS
of tumor H-59 expressed inereased levels of peanut agglutinin
receptors (as compared to the prima')' s.c. tumor) and that high
levels of those receptors could also be detected on hepat0C)1OS
(~I).

Tumor cell surface oligosaceharides have pre"iousll' been
shown to pla)' a role in metastasis (~~. ~3) and tO Mediate
adhosion tO hepatoCl~os (1 ~). Endogenous tumor lectios have
also boen been implicated in tumor cell adhesion and metastasis
(44). One of the better characterized IivCl lectins. namely. the
asialogl)'coprotein recoptor. has previousl)' boen shown to me
diate ceU-ceU adhosion tO hepatOC)~es as weU as to KuplTer ccUs
and Iiver sinusoidal endothelial cclls (~5). Although the partie·
ipation of this lectin in the present adhosion S)'Stem cannot be
entirell' ruled out. the results of the enz)"ne studios argue that
it is probabl)' nOt the major hepatOC)'te receptor in,'olved.

because treatment of the [Umor ceUs with ncuraminidasc or j.

galaetosidase failed to modif)' adhcsion. whilc treatmcnt with
bolh enz)mes only reduced adhesion by 50~"

The role of lumor ccll adhesion 10 hepatoCYles in lhe process
of Ih'er colonization is slill unknown, Sargenl (l al, (15) have
recently shown that tumor-hepatocyte contact is ~quircd for a
growth stimulatory ctTeet C'xc.:rtcd b~' J. dirrusibl~ hcpatocytc
factor on a li\'cr·metastasizing sublinc of mclanoma 8·16. Prc
liminal)' d:1ta in our laboratolj' also indicated that. under ~on

ditions whieh permil cell-cell eonlacl. H·59 cells co.:ultured
wilh hep"locytes show.n inereased uplakc ofl'H]lh)'midinc >.<
compared 10 eontrols.' The natut> of lhe growlh f,clur(s) and
the rel:ltionship betwecn adhesion and proliferation in the
present tumor model are the subjcct of prcsent in\'cstigations
in our laboratory and should be raeililalCd bl' lhe ,,'ailabilill' of
antibod)' C-II.

Recondl'. we reponed the inhibilion of liver colonization by
administralion in ";"0 ofMAb C-I 1 (~6), Similar findings wcre
also reponed bl' McGuire" al. (~i), Although lhe m.",hanism
of action of the C· Il antibody in "i.'O rem.ins 10 be elucidaled.
our data and studies by other laboralories (~8) suggesl lhat
inhibilion of ccllular adhesion in ";"0 bl' speeific re.genls, in
conjunetion with existing lreatment proloeols, will provide a
promising new avenue for therapeutic intc["\'cntion in the proc
css ofcanccr metastasis.
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Chapterm
Summary:

To determine whether tumor cell adhesion to hepatocytes plays a role in H

S9 metastasis to the liver in vivo, the effect ofMAb C-II on liver colonization was

investigated. The results summarized in this chapter show that animais inoculated

with MAb C-ll or its F(ab)z fragments had a significantly reduced number of

hepatic metastases. T1ùs effect was antibody and organ specific. The inhibitory

effect ofMAb C-II was also seen when it was inoculated directly into the animal

by the i.v. or i.p. routes. T1ùs inlul>itory effect resulted in an increase in the survival

time of MAb C-II treated animais. The effect of the antibody was not due to

lymphocyte and 1or monocyte-mediated ADCC or completDent mediated Iysis as

determined by the use ofF(ab)2 fragments and by in vitro analyses. Additional in

vitro studies revealed that MAb C-II could also block the sti..nulatory effect of

hepatocytes on tumor cell proliferation seen in tumor-hepatocyte co-cultures.

These result indieated that the adhesion of H-S9 cells to hepatocytes through the

plasma metDbrane glycoprotein receptor played a role in liver metastasis formation.

The in vivo experiments descnl>ed in this chapter suggest that MAbs

against tumor cell surface adhesion molecules could inlul>it specific tumor-host cell

interactions and could potentially provide an effective therapeutic tool in the

treatment of disSetDinating cancer most likely in combination with other

conventional therapy.
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Inhibition of Experimental Hepatic Metastasis by a
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Tumor-Hepatocyte Interaction
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Summary: The rote of lumor-hepatocyte inter.1ction in can:inoma metastasis
to the liver was investigated with use orthe Iiver-metastatÎC murine carcinoma
H·59 and a monoclonal antibody (MAbl C·II. which con inhibillumor ccII
adhesion 10 hepalocYles in vilro by blocking a 64-71·kD g1ycopro:cin receplor
exprcssed on lhe lumor ccII sunace. The effecl of Ihis anu1>ody on liver col·
onizalion by H·59 cells was analyzcd. Wc found lhal trealmcol of H·59 cells
wilh Ihe anlibody or wilh F(abl, fragmenls prior 10 lumor ccII inoculalion
markedly and specifically reduccd Ih: abililY of Ihe cells 10 form hepalic me·
tastases. An inhibilory effoci was also secn whe:! Ihe anlibodics were >dmin·
iSlered direclly 10 lumor·inoculalcd mice. In contrasl. no reduclion was secn in
Ihe number oflung metaslascs when Ihe anùbody·trealcd cells were inoculalcd
inlravenously. Siudies in vitro revcalcd \hal cocullure of Ihe lumor cells wilh
hepalocy\es had a slimulalory effocl on lumor ccII proliferalion lhal could be
spccifically blocked by MAb C·II. The rcsults suggcsllhal H·59 ccII adhesion
10 hepalocy\es via Ihe plasma membrane receplor promolcs Iivcr melaslascs
formalion and provide funher evidence lhal biological rcagcnts Ihal can abm
gale specific lumor-hosl ccII inleraclions may be beneficial in Ihe prevenlion of
lumor ccII disseminalion. Key Words: Metastasis-Adhcsion-Monoclonal
anlibodies.

•

The polenlial of disseminaling cancer cells 10 col·
onize a dislant organ sile is dependent on Ihe out
come of multiple specific interactions between the
tumor cells and different constiluents of the target
organ microenvironment including the microvascu
lar endothelium (t .2). the subendothelial matrix (3).
parenchymal cells (4). and paracrine growth factors
(5.6). The liver is the primary site of metastasis for
some of the most common human malignancies.
Multiple Iiver metastases are often inoperable and

Rcceivcd April 8. 1994: accepte<! Oclobcr 6. 1994.
Addrcss correspondence and reprinl rcqUCSlS 10 Dr. P. Brodl

al Ocpanmenl ofSurgcry. Division orSllI'BÎcaI Rcscarch. McGiII
University. 740 Dr. Pcnfield Ave.. Monlreal. Quebec H3A lA4.
Canada.

n:spond poorly to chemotherapy n:sulting in poor
prognosis (1). A better understanding of the cellular
and molecular mechanisms underlying cancer dis
semination to the liver may lead to the development
of new. mon: specific and effective therapeutic
strategies.

Tumor 8·59-3 subline of the Lewis Jung carci·
noma-metastasizes pn:ferenlially to the Iiver from
local s.c. sites (8). Prcviously we have shown that
liver metastasis formation in this model is associ
ated with increased adhesion to hepatocytes. and a
cell surface g1ycoprotein that mediales this attach
ment was subsequently identified by monoclonal
antibody (MAb) C-I\ (4.9). Since these studies
wen: based mainly on in vitro analyses. we sought
to confirm that tUIDor ccii adhesion to h.patocytes
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via this molecule was relevant to the metastatie pro
cess in vivo by testing the effect of the antibody on
metastases formation. Our results show that MAb
C-II and its F(abJ, fragment blocked Iiver coloni
zation. They suggest that tumor ccII interaction
with the hepatocytes promotes tumor ccII groWlh in
the liver and could provide a target for antibody
mediated intervention in the metastatic process.

MATERIALS AND METHOOS

Mice

CS7BU6 female mice (7-12 weeks old) were used
for ail the experiments. They were purehascd from
Charles River Canada.

Cell Unes

The origin and metastatic phenotype of tumor
H·59 were described in detail previously (8). The
tumor was maintained in vivo by s.c. implantation
of Iiver metastases derived from tumor-bearing
mice. into new recipient animais. Single-ccII sus
pensions of the tumors were obtained by enzymatic
digestion of the solid tumors in a 0.02% trypsin so
lution in Ca~· and Mg~· free phosphate·buffered
saline (PBS) containing 0.2% EOTA. as wc de
scribed previously (8). Where required. tumor cells
were cultured in RPMI-1640 medium supplemented
with 10% fetal calf serum (FCS; Gibco). 0.01 M
HEPES.2 x 10- 3 M L·g1utamine. and 0.002% gen·
tamycin (RPMI-FCS). They were maintained in cul·
ture for up to 2 weeks prior to use in the experi
ments describcd.

Antibodies

The production and antigenic specilicities of
MAb C-II. and MAb 12150 [both mouse immuno
g10bulin (lglG ,1 were dcscribed in detail in our pre·
vious papers (9.10). MAb 12150 reacts with an Mr
37.000 membrane protein of tumor H·59 but does
not inhibit tumor ccII adhesion to hepatocytes (10).
MAb CL9002 (mouse IgG,) to the H-20b.determi·
nant expressed on tumor H-59 (9). MAb CL9007AP
(mouse IgG~b) to H.2kbOb• and the Low-Tox·R
(rabbil) complement CL3061 were oblained from
Cedarlane Laboratories Ltd. MAb J·2A2 (Il).
which was used as a control antibody in some ofthe
experiments. was a kind gift from Dr. M. H. Hem·
1er (The Dana Farber Cancer lnstitute). The dichlo
rotriazinylamino fiuorescein (DTAFl-conjugated

AffiniPure goat anti·mouse IgG (H + L) was ob
lained from Bio-Can Scientilic. F(ab), fragments of
MAb C-II were prepared as delailed previously (9).
The Fab fragments used as controls werc a kind gift
from Dr. E. Roos (The Netherland Cancer lnsti
tute). They were prepared from a rabbit antiserum
to mammary carcinoma TA3/Ha. which was re·
ported to block the adhesion of TA3/Ha cells to
hepatocytes and recognize integrin ...13. (12). ln
preliminary experiments. we found that they failed
to block adhesion of H-59 cells to the hepatocytes.

Turnor-Hepatocytes Adhesion Assay

Tumor ccII adhesion to hepatocytes was mca·
sured as wc previously described (9). To measure
inhibition ofadhesion by MAb C-II. the tumor cells
were incubated with the antibody for 45 min on ice.
washed three times to remove unbound antibody.
and either added to the hepatocytes immediately or
incubated lirst at 37"C for various time intervaJs as
specilied in the text. Adhesion was for 45 min at
37"C.

Turnor Cells-Hepatocytes CocuIture Assays

Hepatocytes were prepared and cultured in 24
weil plates for 72 h as wc previously descnbed (4.9).
The culture medium was removed and the hepato
cylCS washed repeatedly with. and then cultured for
24 h in. serum-free RPMI. To cach weil 2 x 10'
H-59 cells grown in serum-depleted medium for 24 h
were added. and the cells cocultured in RPMI me·
dium for an additionaJ 48 h with or without antibod·
ies. The cells were pulsed for 18 h with 0.1 ,,"Ci
[3Hl-thymidine (2 Cümmol. from Du Pont Canada)
and Iysed by repeated freezing and thawing. and the
Iysates were harvested onto paper ffiters with use of
a Micromate 196 harvester (Packard). Thymidine
incorporation was measured with use ofa Beckman
LS 8000 liquid scintillation counter. Background in·
corporation by hepatocytes was negligible. As con
trois. we used primary cultures of liver sinusoidal
endothelial cells. prepared as descnbed elsewhere
(13). and confluent monolayers of the murine 3T6
fibroblasts (9). which were gamma-irradiated (2.500
R) 4 h prior to the addition of tumor cells.

Experimental Hepatic Metastasis Assay

Tumor cells were inoculated by the intrasplenic
(j.s.) route as means of delivering the cells into the

J I_Mr. Vol. 16. No••• 1994
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ponal circulation. and the animais splcnectomized
immediately following injection. as originally de
scribed by Lafreniere and Rosenberg (14). When
antibodies were used. the tumor cells were incu·
bated with the ascites. with affinity-purified anti
body or with F(ab), fragments (as specified in the
text) for 1 h at 4OC. Where indicated. the cells were
washed four times pri.->r to injection. Cell viability
as assessed by the trypan blue exclusion dye ex
ceeded 95%. ln some experiments. animais were
inoculated i.v. into the tail vein with MAb-treated
cells. To test the effect of direct inoculation of an
tibodies. MAb C-II was injected i.p. or i.v. prior to
and following i.s. inoculation of tumor cells. as de
tailed in the text.

Antibody-Dependent Cellular Cytotoxicity (ADCC)
and Complement.Mediated Lysis Assays

s'Cr-Iabeled H-59 ceUs (10' ceUs/well) were
added to 96-weU V·bottomed microtiter plates
(LibrolTitenek Microplates. Flow Laboratories).
Syngeneic spleen cells were prepared and red blood
ceUs removed with use ofstandard procedures (15).
To each weU. 1()6 sple.:n ceUs or Low·Tox-R (rab
bit) complement diluted 1:10 were added in a total
volume of200 pl RPMI containing 1% FCS. and the
mixtures incubated for 4 h at 37"C. The plates were
centrifuged for 5 min at 1.000 r/min. 50 pl of the
supernatants removed from each weU. and s'Cr re·
lease monitored in a gamma counter.

Net ceU Iysis was calculated as foUows: Iysis (%)
= (a - bIle x 100. where a is cpm in test wells. b
is spontaneous release in control weUs containing
H-59 ceUs only. and e is maximal relcase as mea·
sured by Iysis of control H-59 ceUs with 0.1% SOS.

Flow Cytomeu-y

Tumor ceUs (106/ml) were incubated for 45 min on
ice with 25 f1.Simi of MAb Coll. Unbound antibody
was removed by repeated washing and the ceUs ei·
ther incubated immediately for 20 min on ice with
DTAF-c:onjugatcd goat anti·mouse IgG (diluted
1:20) or maintained al 37"C (with occ:asional rock·
ing) for the duration indieated in the tcxt prior to
addition of tbe second antt"body. After three washes
with PBS containing 0.1% bovine serum albumin
(BSA) and 0.2% NaN3• the ceUs wcre fixcd with 1%
parafolmaldebyde and ana1yzcd using a FACSc:an
ceU analyzer [Becton-Dickinson fluorescence
activated c:eU soner (FACS) System] equipped with
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~n argon-ion (15 MWllaser at 488 nm with a 530-nm
filler. Data analysis was carried out with a Hewktt
Packard model 310 (9000 series) computer using the
FACScan Rescarch Program. Cells incubated with
normal mouse IgG under identÎCal conditions were
used as negative controls. On the basis of measure
ments with H-59 cells labded with the second anti
body only. cells were definod as positive if their
fluorescence intensity was >500 on a ~I .0~3 chan
nel scale.

Statistical Analysis

The Mann-Whitney test was used for analysis of
the metastasis data. the Wilcoxon Rank Sum test
\"as used for survival data. and the Student r test
was used for analysis of the coculture assay.

RESULTS

ln testing the effect of MAb C-II on the ability of
H-59 cells to give rise to hepatic metastases. the
tumor cells were treated with the antibody and in·
oculated by the i.s. route as means of delivering the
cells into the ponal vein (spleens were removed im·
mediately foUowing injection). The pooled results
of six experiments. summarized in Fig. 1 show that
animais inoculated with antibody-treated cells had a
significantly reduced number of hepatie Metastases
as compared with animais injected with untreated
cells or with cells pretreated with two other murine
MAb (p < 0.0002). ln experiments where a high
concentration of antibody was used (150 f1.Simll.
45% (10 of 22) of the mice injected with C·II
treated cells were tumor·free 13 days postinoc:ula
tion when ail mice in the control groups had multi·
pie liver Metastases (Fig. lA).

To det~rminewhether the effect of the antibody
on liver metastases was mediated by FC-dependent
host immune mechanisms. wc firsttested the ability
of MAb C-II to lyse H-59 cells in the presence of
complement or syngencic spleen cells (ADCC). Re·
sults shown in Table 1 indicate that the antibody
could not induce either complement or ceU·
mediated cytotoxicity. Funhermore. when F(abh
fragments of the antibody that were previously
shown to block tumor ceU adhesion to hepatocytcs
in vitro (9) were used to treat H-59 cells prior to i.s.
injection. we found !hat they wcre a1so effective in
inhibiting Iiver colonization causing a signific:ant re·
duction in the number of the Metastases (p < 0.01).
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FIG. 1. Monoclon:>! anlibody (MAbl C-II inhibits cxpcrimentalllvCf mctaswes formation by c:arQnoma H-59 ccIIs. Animals wcrc
inocul.lcd i.s. wilh 5 x 10' H-59 <cUs lhal wcrc prcineubalcd for 1h al 4'C wilh. 1:20 düution orascites CA-<otal oflhrcc cxpcrimentsl
or ~30 f.L8/ml affinity purified MAb (B-ototal of two experimcnts). Prior to it\Îec:tion ecUs were washed three limes to rcmove unbound
antibody. Splenec:tomy W3S pcrfonncd t min following injection. Animals wcre sacrificcd 13 days later and tile metastase5 enumerated
on the same day. The numba of mctastases in animal$ inoculated witb MAb C- t l-m:ated cens was significantly lower than in animais
inocul.lcd wilh untrca'cd (p < 0.0001 for A.nd Bl. MAb 12150 trcalcd Cp < 0.0001 for A and <0.0004 for Bl. or MAb CL9002 trcalcd
(p < 0.0002 for A and <0.00012 for 8l cells. Each cotry represents one animal. The horizontal bars dcnotc mcdians.

TABLE 1. Monoclonal antibo<!>' fMAb) C-II dMS nol
m~diat~ antibody-d~p~ndtnlC"tlluiar cytoloxidry or

comp/~m~r.1 d~p~nd~nl Iysis ofH·59 ulis

" ResullS an: mcans =SO of triplicalcs.
- The ratio or t:lliCl (H·591:elfCClor (spleen) <cIls ...as 1:100.
, At1tibodies wcrc uscd .1 • coneenlration of 10 l'iiml and

rabbit complement at. dilution of 1:10.
J MAb dircc:tcd to H.2K"O",

Results of two experiments are shown in Fig. 2. ln
a thire! experiment. where animais were monitored
until mon"bund. Ihis inhibition. resulted in an in
crease in the survival time oflhe lreated animais (as
shown in Fig. 3). although ail the animais eventually
died of residual liver Metastases. ln' these experi
ments we also used Fab fragments of an antibody
that had been shown to block the adhesion to he
patocytes of another tumor namely. rat carcinoma
TA3/Ha (\ 1). ln vitro these fragments did not inhibit
the adhesion of the H-S9 cells to hepatocytes (re-

•

H·59 CeUs ineubatcd wilh

Spleen <cUs-
Spleen <cUs ... MAb C·II'
Complement'"
Complemenl MAb C-II .
Complement MAb CL9007AI"

% Lysis"

3.7 =O.~

2.1 =0.\5%
2.9 =0.2%

0.37 =O.~

88 =0.63%

sults not shown), As shown in Figs. 2 and 3. they
also had no effect on H-S9 metastasis. suggesting
that adhesion to hepatocytes and metastasis in the
IWO systems were mediated by distinct receptors.

H-S9 ceUs give rise to pulmonary Metastases fol
lowing the inoculation ofbigh doses ofceUs i.v. into
the tail vein (8). We tested whether pretreatment of
the tumor ceUs with MAb C-ll could affect lung
colonization. Results in Table 2 show that MAb
C-ll had no effect on lung Metastases formation.
Under these experimental conditions. there was
also no reduction in the number of liver Metastases.

For furiher insight into the mechanism of MAb
C-ll-mediated inlu"bition of metastasis. it was of
interest to know the duration of MAb retention on
the tumor cell swface. Two in vitro assays were
utilized. Flow Cylometry was used to measure the
proponion oflabeled ceUs al difl'erent time intervals
of up to 24 h foUowing antibody binding. and an
adhesion assay was used to monitor the biological
activity of the antl"body during the same time inter
val. As shown in Ftg. 4. antl"body was deteetable on
H-S9 ceUs for up to 18 h foUowing the initial label
ing. However antl"body-mediated inhibition of tu
MorceU adhesion began to decline at 3 hand was no
longer evident 8 h after the initial MAb binding.

J1_. Vol. 16. No. 4. 1994
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FIG. 2. F(ab), fragments ofmonoclonal anlibody (MAb) Cil con block livor mew!aS<s formation. Top paMI: One million H-S9 ceIIs
were preueated (as in thelegend 10 Fog. 1) with 100 (Experimenl Al and:ZOO 1'&'m1 (Experimenl B) MAb C·II F(abl, froaments (or conllOl
Fab). For C-Il 19G. a conc:ennation of 50 1'&'m1 wu used. The ..us were readjusled 10 a coneennation of 10' ..Us/ml and the mi..
iDoc:u1aled i.s. with 1 ml of the suspension eaeh and spleneelomized 1 min wor. Mi.. were saailieed 20 (A) and 13 (8) clays al\er lumor
inoculation and llvcr Metastases CDumerated on the samc day. The diff'erencc in the numbcr of metastases obscrvcd in the untreatcd
groups of Experiments A and B is probably due 10 the lonaer duration of Experimenl A. whieb resulled in the fusion of some smaller
individual nodules. 1lollom paMI: Thelivers shown were from (a) untrealed. (h) control Fab-treated. and (c) MAb C-II F(ab),.trealed
mi.. iD Experiment B.
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For determining whether MAb C-ll could inhjbit
metastases formation wben inoculated direetly into
the animaIs, jt was administered j.p. or j.v. 24 and 4
h prior to, and 4 and 24 h following the j.s. Ïl\Ïection
of tumor celJs. The rationa1e for the inoculation of
antjbodies prior to tumor ceIl Ïl\Ïection was based
on our previous finding that MAb C-II also reacted
with a hepatocyte ceIl surface determinant that was
involved in the adhesjon (9). The results shown in

J1_!Kr. Vc>I. 16. No. 4. 1994

Table 3 demonstrate that treatment of the animaIs
with MAb Coll with use of either the j.v. or i.p.
routes could significantly and specitically reduce (p
< 0.01) the number of hepatic metastases.

To gain an understanding orthe possible role that
tumor cell adhesion ta hepatocytes could play in the
process of liver colonization, we tested in vitro the
effeet of cocuIture of tumor ceUs and hepatocytes
on tumor cell proliferation. Serum-starved H-S9
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FIG. 3. Jnc~d surviva1 of miee in·
oculalcd wîrh H·59 cells prctrcated
wilh F(abl: (r:t.gmcnts of monoclonal
antibody (MAbJ C-II. Animais ({iye
pu group) wcre inocubtcd i.s. wilh 10'
H·59 eclls that \lien: untrc:llcd or pre·
trated with 50 or 100 J.LI!ml of FCabJ..
fragments. Miee inoc:ulated with H-S9
eclls prctre;ucd with cithcr c:onccnll':l
tion of C-Il F(ab): fragments but not
with control Fab Cr:agmcnts survivcd
signiric:mtly longer th3n tho~ inocu
latcd with untrc;atcd c:cll!i. (p • O.CII.
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TABLE 2. Mon""lonal antibod,' (MAb) C-II dots not
inhibit tJCptrimtntallunll mttastas;s of H·59 ctlls

Animais were inocu1:lEcd i.v. with ::! x I~ H-S9 cells in Ex~
periment 1and with S x 10" ceUs in Experiment ::!. They wen::
saerifieed ~I clays bter. The results are expresse<! as the median
COll<! "'ngel of six animais in ""eh group,

• Therc was no significant dift'erence in the numbcrs of liver
mcWWC$ sccn in the two sroups at the time of sacrifice. The
numbcr of liver mCWt3SeS r.lnged. from 0 to ::! in Experimcnt 1
and (rom 68 to I::!S in Experiment 2.

ccUs wcrc platcd dircctly onto hcpatocytc monolay
ers. and the ceUs cocultured for 48 h in the absence
of a serum supplement. Results in Fig. 5 show that
contact with the hepatocytes stimulated tumor ceU
proliferation increasing it 2o-fdd relative to control
tumor ceUs cultured in the abscnce of hepatocytes.
or 13-fold relative to ceUs cocultured with nonpro
Iiferating 3T6 fibroblasts or hepatic endothelial
ceUs. The stimulatory effcct of the hepalocytes was
significantly reduced (56% reduction) in the pres
ence of MAb C-II. whereas a MAb directed to the
H-20b determinant and an irrelevant murine ascites
had no cffect (Fig. 5). It is of interestthat when ceUs
of the Lewis lung carcinoma subline M-27. which
are metastatic to lung but not to Iiver (8). were co
cultured with hepatocytes the proliferative re·
sponse obscrvcd was significantly lower (p < 0.025)
(Fig. 5).

Merastasesllung

DISCUSSION

Severa! experimenlal tumor models have been
used in recent years to demonstrate lhat the predi
lection of some metastatic cancer ceUs for the liver
is associated with increased tumor ceU adhesion to
parenchymal and/or nonparenchymal Iiver cells
(5.6.11). Much ofthis evidence is derived. however.
from in vitro studies. and the relevance 01 these
interactions to the metastatic process in vivo. par
ticularly the imponance of the tumor-hepatocyte
interaction. has not been confirmed by experimen
lai data.

ln the present investigation. pretreatment ofH-S9
carcinoma ceUs with a MAb that specificaily blocks
tumor cell adhesion to hepatocytes in vitro (9) was
used to determine whether this interaction plays a
IOle in the metastatic process. We found that the
antibody subslantially reduced the number of liver
metastases. suggesting that it either completely in
hibited or significantly retarded tumor cell growth
in the Iiver. This effect was antibody and organ spe·
cilic. as demonstrated by the finding that treatment
of H-59 celb with antibodies to two other plasma
membrane proteins did not significantly alter the
number of liver metastases (Fig. 1) and by the ob
servation tha! MAb C-II failed to block lung me·
tastases formation (Table 1).

Lymphocyte- and monocyte·mediated AOCC
and complement-medïated Iysis were implicated in
other studies where an inhibitory effect of antibod
ies in vivo was demonstraled (16). Our finding !hat
F(abh fragments of the antibody a1so blocked the

Experiment 2

lS7m~19S1

146 (\ 11-185)
6c~)

I::! IQ-::!I)

Experiment 1

None
MAb C·II"

Trc:atment of H·59 eeUs

•
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FIG. 4. A timc:-course analysÎs of ccII surfacc:-bound monoclo
nal antibod)' (~1:Ab) C·l1 35 dctcnnincd by Oow cytomctry and
the 10S5 of antibody function. H-S9 cells wcrc inc:ubatcd for 4S
min with !S ....glm! purificd MAb C·l1 or an cquiv:&!c"t -:oo<:cn
trOltion of normal mousc immunoglobulin G 11gG) (for the adhe
sion OlSsayS) and anti H_2KbObMoAb and then """,shed thrce litnCS
to rcmovc unbound antibody. Ta measure adhcsion (Al. the tells
were cithcr addc:d direc:tly 10 the bcpatocylcs or incubatcd al.
3T'C for the indic:atcd lime intcrv3Js. They \ltcrc isotope labeled
with ~lCr cithcr bcforc the addition of the antibody or (for ISo aad
24-h Întcrvals) bcforc addition tO hcpatocytcs. A4.!hcsion assay
W3S for olS min .lt 3'rC. At cach time point. control untfQtcd
cells or ceUs trc:ned wilh conlrol IgG were alse uscd 3Ild the
inhibilion C3leulaled relalive lO adhcsion leyels scen wilh eonuol
untre:l.led cells. Normal IgG and anti H_2KbDb had no effcel oa.
adhcsion 3l :my time point :md the basaJ,level of adhcsion of the
untre,"cd cells remaincd unchange<! ()G...lO';é of total) throughout
the expcriment. For fluorescence activalcd eeU soner (FACS)
ana1ysis ,.). background labelins with mouse IgG was sub
tracted Olt cach time point. Oulins the first S h. mc:m nuo~

cence intensity of the 13bclcd eells dcelined from 713 to 611.

growth of Iiver metastases suggests that MAb C-II
had a direct effect on the tumor cells that did not
depend on Fc-mediated host immune mechanisms.
This was also indicated by our findings that MAb
C-II failed to mediate Iysis of H-S9 cells in vitro in
the presence of rabbit complement or nonnal syn
geneic spleen cells <Table 1). The finding that ail
mice in the F(abh fragments-treated group eventu
ally developed some liver metastases. whereas an·
imals treated with whole 180t molecules had a sig
nificantly reduced incidence (Fig. 1) may be related
to a more rapid shedding of F(abh fragments from
the cell surface (17) resulting in earlier re-expres
sion of the receptors.

The observation tbat pretreatment of the tumor
cells with the antibody prior to injection was suffi·
cient to inhibit metastatic outgrowth suggests tbat
the antibody interfered with an event occurring
early in the process of Iiver colonization. This is
also suggested by the lack of effect of the antibody
on liver metastases fonnation when the cells were
inoculated i.v. and could arrest in the lung mi·
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crovasculature prior to recirculation into the Iiver
through the arterial blood llow. Our previous stud
ies have shown that MAb C-II docs not black ad·
hesion of H-59 cells to either hepatic sinusoida: en
dothelial cells or to matrix proteins (9). In the
present study. we found that whercas MAb C-Il
was detectable on H-59 cells for up to 18 h following
antibody binding. the ability of the antibody to
block tumor cell adhesion to hepatocytes in vitro
began to decline as early as 3 h and was lost by 8 h.
suggesting that a critical concentration of antibody
on the cell surface was required for complete inhi
bition of the adhesion. Together these findings im
ply that in vivo the interaction with hepatocytes
that is disrupted by MAb C-II may occur within
hours of tumor cell arrest in the hepatic microvas
culature. prior to cell division and/or the loss of the
inhibitory antibody density from the ccII surface.
As the hepatic sinusoidal endothelium lacks a con
tinuous basement membrane (18). this could con
ceivably be mediated by rapid invasion into the sub
endothelial space possibly involving the fonnation
of pseudopodial extensions as has been shown in
other models (19) and obser..ed in our own in vitro
studies (4). Previously we reported that H·S9 cells
constitutively express high levels of an M, 72.000
gelatinase and cathepsin L (20). These enzymes
may contribute to the invasiveness and migration of
the tumor cells during these carly stages of Iiver
colonization.

Although increased tumor cell adhesion to hepa
tocytes has been observed in several experimental

TABLE 3. Inlùbition of liv" mt/astasis by trtatmtnt
ofanimals with monoclonal antibody (MAb) C·II

Mctastase5llivcr

Animals Exp. 1· Exp.~ Exp. 3"

Nontreatcdt' 112 (84-124) 61 (26-1141 102 ('T'_141l
MAb I2ISO Ils (95-1401 ND ND
MAb CL9007AP ND ND 96 (S9-I3ll1
MAbC-1I 3S (15-84) 22 (8...14) 4 II-lOI

ResullS are expresscd as median (and "'ngel of the numbers of
livcr nodules of seven (Exp. Il. ten (Exp. 21. and ,ix (Exp. 31
animal,: p < 0.001 for Exp. 1and p< 0.01 for Exp. 2and 3. ND.
not done. Exp.• experiment.

• AnimaIs receivcd a total of 4 Î.p. injection, each of 0.2 ml
MAb C-II ascites (Experiment 2) or 3211&1m1 alfmilY purificd
antibody (Experimenl n. Two injections were administered 4
and 24 h prior 10 and IWO 4 and 24 h followins the Î.'. irùection
of S x 10" H-S9 ccI\s.

" AnimaIs receivcd a total of4 i.v. irùection of 2S I/oi puril'Icd
MAb C-II and were inoculalcd with 10' H·S9 cdl, with use of
the same sehcdule as <Ie,aibed for Î.p. irùections:

• AJùmals were U1jectcd with saline.
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o..u...._...u._--l..l-_u...._..u.._....I-J'----'JL-_.u..._...w._~

JO-r--------------,-------,fiG. S. Monoclonal antibody
(MAb) C-Il blacks the proliferation
of H·S9 cclls stimulated by c:oculture
with hcpatocytcs. H·S9 eclls werc
c:ulturcd in ~ium·rrcc RPMI medium
for 24 h Ihen dispcrscd and ~ x ICf
ecUs addc:d into wells of 24.wdl
plates in which hepatocytes (Hep).
3T6 fibroblasts <3T6). or hcpatÎc en·
dothcJial (Endol eclls werc sc:cded 72
h earlier. The cells \I.cre coculturcd
for 48 h .l 3'rC and pulscd for 18 h
with 0.1 ~Ci of [)HHbymidinc. Anti·
bodies wcrc addcd to the coculturc
aCter addition of the tumor cclls. and
the medium rcmo'lcd and rcpl:u:cd
with frcsh 3ntibody solutions .:11 24
and 48 h. Final dilutions of the anti·
bodies wcre 1:SO (or ~c:ites C-11 and
J·2A2 and 1:100 for scmipurified
MAb CL900!. Endothelial cells and H·S9 M·!'
3T6 monolayers wcrc ..,.irradiatcd
a,SOO R) prior 10 .ddition of H-S9 cells. Ilaekground l'HHhymidine uptalt< by thesc eells and by the hcpalOC)'lcs wos ncgligible. When
~irradialed hepatocyto werc used as conlrols. no ditrcrenc:e was sccn in the Icvcl of stimulation of H-S9 proliferation (not shawn).
l'Hl·thymidine uptake by H·S9 cclls eocultured with hepalocytcs wos significantly higbcr <p < O.02Sl !han the uptake by M-!7 cclls
CuIIUrec! under the samc conditions. Il W3S signwcantly rcduc:ed (p < 0.02) by addition ofMAb Cil.
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models ofliver metastasis (4.6.11.21). the role <hat
a tumor-hepatocyte interaction may play in the
metastatic process is not yet known. Recently. we
reported that hepatocyte-derived insulin-like
growth factor 1 is highly mitogenic for H-59 cells
(22). It is possible therefore that the hepatocytes
regulate tumor cell growth in the liver through the
release ofgrowth factors. Tumor cell adhesion may
in tum serve to maximize this paracrine stimulation
by bringing the two cells into close proximity to
each other. Further biochemical and molecular
characterization of the receptor and ligand involved
in the present tumor model. which are currently in
progress. will provide a hetter understanding of the
regulatory role that tumor cell adhesion to hepato
cytes may play in Iiver metastasis.

Our finding that direct iqjection ofantibodies into
tumor·inoculated mice could also inhibit metastases
formation suggests that the antibodies could react
with receptor molecules and inhibit their function in
vivo. Successful inhibition of metastases by anti·
bodies directed to tumor adhesion receptors has re
cently also been reported by other laboratories
(23.24). It is interesting to note in this context a
recent study by De Potter et al. (25) showing that a
monoclonal antibody raised to a cell-surface adhe
sion receptor expressed on the breast carcinoma
cell line MCF·7 blocked tumor cell adhesion and
invasion in vitro and specificaJly immunostained tis
sue biopsies derived from highly invasive ductal
breast carcinomas. Staining was found to he partic-

u1arly intense on long plasma membrane extensions
protruding from the carcinoma cells. suggesting that
the cell-surface determinant recognized by the an
tibody was involved in the invasive process in situ.
Taken collectively these studies argue that antibod
ies that are raised against tumor cell surface adhe
sion molecules and can inhibit cellular adhesion and
invasion mechanisms could potentially provide an
effective therapeutic tool in the clinica1 manage
ment of cancer. probably in conjunction with con
ventional therapy.

Ac:Icnowledgmenc: The authors thank Dr. John Sampalis
(Depanment of Surgery) and Dr. Sungsub Choi (Depart
ment of Epidemiology and Biostatistics) McGiII Univer
sity for their help with the analysis of the data. and Dr. J.
Gordon (Department of Surgery. McGiU University) for
bis help with the FACS analysis. This work was sup
panee! by a grant from the Medical Research Couneil of
Canada. During the period in which this work was carrled
OUt P.B. was a Chercheur Boursier of the Fonds de la
Recherche en Santl! du Qul!bec.

REFERENCES
1. H"'l M. Goltzman O. Tmnbby G. Brodt P. Rat prostate

:uIcnoc:arcinoma cells clisseminatc to bone ..d adhere pref·
crentially 10 banc marraw-<lcrived endotbelial cells. CanUT
R.. 1992:S2:4613-9.

2. Zhu D. Pauli BU. Condation bclWcen tbe lung distribution
pancms of Lu·ECAM-1 ..d melanoma cxpcrimental me·
tastases. /11I J CQIlccr 1993:S):628-33.

3. Cerro RF. Nathansoo 50. Orpn-spccilie ebemotaetie f.e
tors present in lung cxtraeeUuIar matrix. J Surg R.. 1989:
46:422-6.

4. Brodt P. Selcclion of a highly metastatie liver-colonizing
subpopulation of Lewis lung eateinoma variant H·S9 using

J Invru.,un#ln. Vol. 16. No. 4, 1994



J. WANG ET AL.

•

•

murinc: hepatocytc: monolaycrs. Clin E:tpl .\f~raslasis 1989;
7:5::"<"39.

S. Zcner BR. The: cellular ~sis of site-~pcc:ific:{umar mc\3SU,
sis.."tJ Engl J .\ftd 1990;321:605-12.

6. Ru~ci3no D. Burgcr ~1M. Why do cancer ceUs mct3stasizc
inti' panicu13f orpns? SivEssa,!"s 1992:14:185-94.

ï. Cohen AM. 5hank B. Fncdman MA. Colorcctal can>:cr. In:
DcViu VT. Hellman S. RoscnbcrgS. cd. Canar: prinC'iplts
and practiu of onc%gy. Philadelphia: J. B. Lippinc:ott.
1989:907.

8. Brodt P. Charactcrizalion of IWO highly mCQSl:llic: variants
of the Lewis lung Qrcinoma with diffcrent orpn spccific:i.
tics. Canar Rts 1986:46:2442-8.

9. Wang J. Fal1avollita L. Brodt P. Idc:ntific:l.lion afa ~1r 64.000
plasma membrane glyc:oprotein mcdiating tumar H·S9 :&dhe·
sion 10 hcpatocytcs. Canar Rts 1991:.$1:3S78-84.

10. Shcstow\ky W. Falb'o'ollita L. Brodt P.•~ monoclonal'lntia
body to Lewis lung c:arc:inoma variant H·59 identifies a
plasma membrane protein with apparent relevancc to lymph
node adhesion and met:lsusis. Caftar R~s 1990~O:I948-S3.

Il. Hemler ME. Strominger JL. Monoclonal anlibody rcaeting
with imnlunogenic: myc:oplasma protcins pr~nl in human
hematopoietic c:cU lines. J ImmunoJ IlJ8:!:I29:2734-8.

12. Kempc:rman H. Wijnands Y. de Rijk D. Ross E. The intcgrin
Clt$4 on TA3/Ha mammary c:arc:inoma c:ells is involvcd in
adhesion to hep;1tocytes. Canetr R~s 1993:53:3611-7.

13. Morin O. Patry P. Laneur L. Heterogeneity of endothelial
eells of adult rat liver as resolvcd by sediment:ltion veloc:ily
.nd flow cYlomclry. J C</t Ph~·,ioll984:119:3!7-34.

14. Lafrcniere R. Rosenberg SA. A novel approach 10 the gena
er.ttion and identific3!ion ofexpcrimentaJ hepatie mcustascs
in a munne mode!. J NalJ Canc~r IIUI 1986:76:309-IS.

IS. Brodt P. Gordon J. Antiatumor immunily in B lymphocyte-
deprivcd miee. 11. ln Vitro studics of cellamcdiatcd eytolox·
icity in normal and deprived miee. C~JllmmunoJ 1981:65:
20-32.

16. Woodhouse CS. Morgan AC Jr. Murinc monoclonal IgG3
antibodies to human colorec:t:t.l tumONlssociatcd 3ntigens:

J ImmUnOlhl'r. Vol. 16. No. 4. It»I

95

production and chanc:terization of antibodi-.'S active in botb
omtibody-depcndcnt cellubr cytotoxicity and c:omplement.
media~cd c:ytolysis. Canc~r R~s 1989:49:2766-72.

17. Fujimori K. Cavell DG. F1e~c:hcr JE. Weinstein lN. Madel..
ing omalysis of the global and microscopie distribution of
immunoglobulin G. F(abl:. omd F3b in tumof'S. Canc('f R~3
1989:49:5656-03.

18. Maninez·Hemandez A. The hepatic extr:u:ellular I1U.trix. 1.
Electron immunohistochemic::al studies in norm3l roll liver.
Lob tnv<St 1984:51:51-74-

19. Chambers AF. Schmidt EE. M.cDonald le. Morris VL.
Groom AC. Early steps in hetn3togcnous meta:st3sis of
816FI melanotn3 ceUs in chick cmbryos studicd by high~

~lution intravital vidcomicnxcopy. J Natl Canur JIUI
1992:84:797-803.

20. Brodt P. Reich R. Moroz LA. Chambcn AF. Differences in
the rcpcnoircs ofbasement membr:ule degrading enzymes in
two can:inoma sublincs wïth distinct p;1uems of site·selec·
tive mewwis. Bioch~m Biophys A('la 1992;1139:77-83.

21. Roos E. Rossicn FF. Involvement of leukocy1e function·
associatcd antigcn.1 (LFA-Il in the invasion of hcpatocyte
cultures by Iympho,"" and T-cc:1I hybridom. ccII•. J C./1
Biot 1987:105:553-9.

22. long L. Nip J. Brodt P. P:uxrine JI'OWlh stimulation by
hep3tocyt;e-derivcd insulin~like gfOwth factor-I: a rcgula
tory mcchanism for carc:inotlUl ecUs mebStatic to the liver.
Canc~r R~s 1994:54:3732-7.

23. Zhu O. Cheng CF. !':luti BU. Blocking of lung cndolhclial
ccli adhcsion molcc:ule--l (Lu-ECAM-l) inhibits murine mel~

anorna lung mebSwis. J CUn In\'~3t 1992;S9:171g..24.
24.. Sciter S. An::h R. Rebcr S. ct al. Prevention of lumar me

wwi. formation by anti·varianl CD44. J Exp M.d 1993:
177:443-55.

25. De Pollcr CR. Schcllbout AM. De Smcl FH. Cl al. A mono
clonal antibody dircctcd against 3 human ccli membrane an·
tigcD prcvents ceU 5ubstr.tte adhcsion 3nd tumor invasion.
Am J Porholl994:I44:9S-103.



•

•

96

CHAPTERIV:

ERp72, its expression and possible role in H-59 Iiver colonization 

additional unpublished fmdings
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Chapter IV

Abstract

Proteins ofthe endoplasmic reticulum have previously been deteeted on the

surface of some normal cells. In previous studies we found that MAb C-ll

recognized a 71 kDa glycoprotein (designated C-II BP) on the surface of H-59

ce\1s. An internai amino acid sequence ana\ysis performed on a single protein band

which was separated from a partially purified plasma membrane preparation of H

59 ce\ls and migrated in the 71 kDa region, identified a molecules with sequence

identity to the protein disu1fide isomerase (pDl) - related protein ERp72. To

determine whether ERp72 is deteetable on the tumor cell surface and assess the

possible role of ERp72 in adhesion of H-59 cells to hepatocytes, severa!

experiments were carried out Flow cytometry ana\ysis showed that approximate1y

60% ofH-59 cells labe1ed positively with an antibody to ERp72. Furthermore a

polyclonal antibody to ERp72 blocked H-59 acihesion to hepatocytes by up to

62%. While these results suggested the ERp72 may play a role in H-59 adhesion,

immunodepletion assays with anti ERp72 antibody demonstrated that the molecule

recognized by MAb C-II is distinct from the ERp72. These results imply that H

S9 acihesion to hepatocytes may be mediated through the cooperative activity of

severa! ce\1 surface molecules including ERp72.
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Introduction

ERp72 is a endoplasmic reticu1urn (ER) protein of the PD! family and

shares sequence homology with protein disulfide isomerase (pDI), also known as

ERp59 (Mazzarella et al., 1990; Haugejorden et al., 1991). PD! catalyses disulfide

bond formation and the ERp72 is thought to have a similar function (Freedman,

1989).

Expression of ER resident proteins on the cell surface bas been reported

regardless of whether or not they contain a retention signal. One line of evidence

came from work by Yoshimori and colleagues (Yoshimoro et al, 1990). Using

immunogold electron microscopy they found that PD! was localjzed not orny in the

ER of rat exocrine pancreatic cells but also in the plasma membrane (PM) and

organelles along secretory pathways. There were no differences in the biochemical

and immunochemical properties oftransported or authentic ER resident PDl Anti

KDEL antibodies reaeted with PD! in both the PM and the ER of rat pancreatic

cells. The results suggested that the ER. protein PD! could be exported from the

ER to the PM in rat exocrine pancreatic cells despite the presence of the KDEL

retention signai sequence.

Mandel and bis group provided additionai evidence that PD! could be

exposed at the PM Using Chïnese hamster ovary (CHO) cel\s, they have shown

that the cell surface PD! had a disulfide reductive cleavage function on disulfide

1inked [1251] iodotyramine 1 poly (D-lysine) conjugates when these cells non

specifically bound the conjugate (Mandel et al, 1993). This c1eavage was inhibited
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by a MAb to PD! and by bacitracin - an antibiotic known to inhibit both the

reductive and the oxidative functions of PD!. The same reductive process by a

membrane associated PD! plays a role in the penetration of membrane-bound

human immunodeficiency virus (HIV) as was also found by the same group (Ryser

et al., 1994). This mv infection ofhuman Iymphoid cells was markedly inlûbited

by the membrane -impermeant sulfhydryl blocker S,S'-dithiobis (2-nitrobenzoic

acid), by bacitracin and by anti-PDI antibody.

In addition to PD!, expression ofERp72 bas been reported on neutrophil

PM This expression was responsible for neutrophil priming in response to binding

antibody (Weisbart, 1992). The antibody that primed neutrophils was shown to

bind ERp72 in the neutrophil membrane by immunoprecipitating the same 72 kDa

protein from neutrophils that was percipitated by a known anubody to ERp72. The

gene for the protein associated with neuttophil priming was sequenced and

identified as the ERp72. The investigators concluded that membrane associated

ERp72 may play a role in the signal transduction pathway leading to priming of

human neuttophi1s.

We found that MAb C-11 recognized a 71 kDa g1ycoprotein (C-11 BP) on

the H-S9 tumor cell surface. An internaI amino acid sequence analysis performed

on a corresponding protein band of partially purified PM preparations of H-S9

cells identified a protein with sequence identity to the PDI-related protein ERp72.

The results suggested that ERp72 may be expressed on the H-S9 cell surface and
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prompted us to investigate further the surface expression ofERp72 on H-59 cells

and the possible role of ERp72 in adhesion oftumor H-59 ce1ls to hepatocytes.

Materials and Methods

Antibodies and others reagents:

The production and antigenic specificity of MAb C-ll were described in

Chapter II. Normal rabbit serum (NRS) and affinity - purified normal mouse IgG

were obtained from Cedarlane Laboratory Ltd. (Homby, Ontario, Canada). Anti

ERp72(c), a rabbit antiserum against the 16 C-terminal amino acid fragment of

murine ERp72 was a lànd gift from Dr. M Green (Saint Louis University Health

Science Center, St. Louis, MO, USA). Normal mouse serum (NMS) was prepared

from C57BU6 female mice according to Harlow and Lane (Harlow and Lane,

1988). Protein A - Sepharose - CL 4B was obtained from Phannacia

Biotechnology (Uppsala, Sweden). Ponceau S concentrate was obtained from

Sigma Diagnostics (St. Louis, MO, USA).

Seauencing analysis ofpartially purified H-59 plasma membrane:

H-59 plasma membrane were partially purified by gel filtration using G-200

sephadex. The collected fractions were subjected to e1ectrophoresis followed by

silver staining and the appropriate fractions (fractions number 70-130, 0.6 ml each,

containing 7l kDa protein band) were pooled and concentrated using a
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Centriprep-l0 concentrator (Amicon, USA). The proteins were separated by a

second round SDS-PAGE under redueing condition and transferred to a

Immobilon PVDF membrane (Millipore corporation, Bedford. USA). The position

of the C-ll BP was estimated by Western blot analysis with MAb C-ll and the

quantity of the expected band was estimated by a BSA standard. The membrane

was stained with a Ponceau S solution (0.2% Ponceau S in 1% acetic aeid) and the

band which migrated in the position indicated by Western blot analysis with MAb

C-ll was cut and subjected to an internai amino aeid sequence analysis performed

using an ABI 477A Protein Sequencer with 120A Ûnline PTH-AA Ana\yzer. The

protein band was digested with trypsin or Iysylendopeptidase and the digested

peptides were separated by microbore HPLC (analyzed by Harvard

Microchemistry Facility, Cambridge, USA).

Flow cytometrv:

Turnor ceIIs (106/m1) were pre-wasbed with PBS containing 0.1% bovine

serum a1bumin and 0.2% NaN3 (unmunofluorescence (IF> buffer) and were

incubated for 4S min. on ice with anti-ERp72(c) antibody diluted 1:100 in IF

buffer. MAb C-ll ascites was used for comparison at a dilution of 1:20. NRS and

NMS were used as a controIs for non-specifie antibody binding. Unbound proteins

were removed by 3 wasbes with IF buffer and the ceIIs were incubated immediately

for 20 min. on ice with dicblorotriazinylamino f1uorescein (DTAF)-conjugated goat

anti-mouse or anti-rabbit IgG (1:20 dilution). Following 3 additional washes. the
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ceIls were fixed with 1% paraformaldehyde and analyzed using a FACS (Becton

Dickinson FACS system, Mountainview, Califomia, USA) equipped with an

argon-ion (15MW) laser at 488 nm line with a 530 nm filter. Data analysis was

carried out with a Hewlett-Packard model 310 (9000 series) computer using the

FACScan Research Program. Dead ceIls were excluded from analysis by e1ectronic

gating.

Adhesion assays:

Hepatocytes were prepared 48 heurs before the adhesion assay as

previously descn"bed (Brodt, 1989b). To test for inIu"bition of the adhesion by

antl"bodies the tumor ceIls were incubated with the ann"bodies for 45 min. on ice.

Following 4 washes, the ann"body-treated ceIls were added to the hepatocyte

monolayer for the adhesion assay.

Immunodepletion aS5llY:

Anti-ERp72(c) antiserum (2lÙ) was coupled to 200 lÙ protein A sepharose

beads by incubation ovemight at 40 C with slow rotation. The ann"body coupled

protein A beads were added to H-59 PM protein (250l1g) after 6 repeated washes

with PBS. The mixture was incubated ovemight at 40 C and the protein A beads

removed by centrifugation at 2,000 RPM for 10 min. The supernatant was

collected for Western blot analysis or for additional depletion assays (3 depletions

in total). For Western blotting, MAb C-ll ascites was used at a dilution of 1:20,
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and the anti-ERp72(c) antiserum as weil as NRS were use<! at a dilution of 1:800.

Probing was ovemight at 40 C. Alkaline phosphatase-conjugated goat anti-mouse

Ig or goat anti-rabbit Ig at a dilution of 1:2000 were use<! as secondary antibodies.

Results

MAb C-ll recognizes a 71 kDa protein on the tumor H-59 cell surface.

Partially purified H-59 PM preparations were separated by SDS-PAGE and a 71

kDa band corresponding to a band detected by MAb C-ll in para\lel gels was

subjected to internai amino acid sequence analysis. The analysis identified a protein

with sequence identity to the protein disu\fide isomerase (pDI) - related protein

ERp72 (Fig. 1, page lOS).

To determine wh.ether ERp72 was indeed expresse<! on tumor H-59 cells,

flow cytometry W3S carried out using a rabbit anti murine ERp72(c) antiserum.

ResuIts in Figure 2 show that approximate\y 60"10 of H-59 cells stained positively

with the anti-ERp72(c) antibody (Fig. 2-A, page 109). Non-immune NRS labe\ed

fewer than 5% ofthe cells while MAb C-11 (positive control) labeled 9S% of the

cells (Fig. 2-B, page 109).

To determine whether ERp72 played a role in tumor cells adhesion to

hepatocytes, H-59 cells were pretreated with the anti-ERp72(c) antiserum prior to

the adhesion assay. Results shown in Figure 3 (page 110) demonstrate that the

anti-ERp72(c) antibody blocked adhesion of H-59 cells to hepatocytes. The

percentage ofinhibition was 62% at a dilution of 1:10. Under similar conditions
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non-immune NRS had no effect on the adhesion, while MAb Coll ascites also

inhibited the adhesion as shown previously (67% inhibition).

To detennine whether the molecules detected with anti-ERp72 antiserum

and with MAb Coll were identical, immunodepletion assays were performed in

combination with Western blot analyses. Three consecutive immunodepletion

procedures with anti-ERp72(c) antibody were performed on PM preparations of

H-S9. Results shown in Figure 4 show that following these procedure there was a

graduaI, specific quantitative reduction in ERp72 proteins in the H-S9 PM

preparations as determined by Western blot analysis (Fig. 4, page Ill). On the

other hand the quantitative reduction in the protein detected by MAb Coll had no

change suggesting that the proteins detectable by the two antibodies were distinct.

Discussion

ERp72 is a member of the protein disulfide isomerase family of proteins,

which was originally located in endoplasmic reticulum of mammalian cel\s. It bas

been reported that POl and ERp72 could be expressed on the surface ofsome cel\s

(Mandel et al., 1993; Weisbart, 1992). Their expression on tumor ceI\ surface bas

not been studied. Their possible fimction on the ceI\ surlàce is still not totally

understood.

An internaI amino acid sequence analysis ofa 71 kDa protein band isolated

from partially purified H-S9 PM preparations showed sequence identity to ERp72
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(Fig. l, page 108). This prompted us to examine the relationship between the

adhesion molecule identified by MAb C-II and the ERp72 protein.

We found that ERp72 could be detected by flow cytometry on

approximately 60% of H-S9 cells (Fig. 2-A., page 109). Furthermore. the anti

ERp72(c) antiserum blocked H-S9 cells adhesion to hepatocytes by up to 62%

suggesting that the protein was involved in the adhesion (Fig. 3, page 110).

However, the ERp72 molecule was distinct from C-II BP since immùnodepletion

assays with anti-ERp72(c) antibody while they showed a gradual reduction in the

detectable ERp72 protein band following 3 cycles of depletion, but had no effect

on the detectable levels of Coll BP (Fig. 4, page lll). Moreover, under these

conditions it became evident that the molecular weight of Coll BP and ERp72

were different.

The possible function of ERp72 in tumor - hepatocyte adhesion is not

clear. Since ERp72 belongs to the POl family, it is thought that ERp72 bas siIrular

functions to POl. The best-known function of POl is to catalyze the

oxidoreduction ofdisulfide bonds in the ER, which leads to the correct folding of

newly synthesized proteins. However, POl bas been detected on the surface of

some ceIls (Yoshimori et al., 1990; Mandel et al., 1993), and was found to he

identical to severa! other proteins such as 3,3',S-triiodo-L-thyronine-binding

protein (T~P) (Freedman, 1989) which was also exposed on the plasma

membrane where it can exert reductive functions. Studies have shown that

membrane-associated POl expressed on CHO cells could possess a disulfide
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reductive cleavage function on a disulfide linked complex - e25I] iodotyrarnine 1

poly (D-Iysine) bound to the cells (Mandel et al., 1993). The cleavage was

abolished by the membrane - impermeant sulfhydryl blocker 5,5'-dithiobis (2

nitrobenzoic acid) (DTNB). This inhibitor can also prevent the cytotoxicity of

diphtheria toxin (DT) -a disulfide - linked heterodimer which can bind to a specifie

surface receptor and must undergo chain separation in order to exert its

cytotoxicity (Ryser et al., 1991). This suggests that a surface-associated reductive

mechanism could activate DT by reducing the toxin's interchain disulfide bonds.

The reductive process also plays a role in the penetration of membrane - bound

human immunodeficiency virus (HIV) (Ryser et al., 1993). HIV infection ofhuman

Iymphoid cells was markedly inhibited by anti-PDI anù"bodies and by DTNB. It is

thought that HIV and its target cells engage in a thiol-disulfide interchange

mediated by POl and that the reduction of critica1 disulfides in viral envelope

g1ycoproteins may be the initial event that triggers conformational changes

required for HIV to fuse with the cell membrane and enter the cells.

The membrane - associated reduetive cleavage funetion ofERp72 may also

be ofsome funetional relevance in our system since our data suggest that the C-II

BP on H-59 cells bas intraehain disulfide bonds (Chapter 11). It is also possible that

on the H-59 cell surface, ER.p72 may be located in close proximity to C-ll BP.

ERp72 may play a disuIfide reduetiO'1 cleavage funetion to maintain C-II BP in a

structural conformation required for its adhesive funetion. This may explain the

finding that adhesion was reduced when H-59 cell were pretreated with anti-
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ERp72(c) antiserum as this treatment could block the function ofERp72 and affect

indirectly the function of the C-II BP. Altematively it is conceivable that ERp72

plays no direct role in the adhesion and the inhibitory effect of anti ERp72

antibodies on adhesion was due to steric hindrance and sorne rnasking effect on the

C-ll BP.

The role ofERp72 in adhesion may u1tirnately be c1arified when the identity

of the C-ll BP is determined. The data presented in this chapter are consistent

with the conclusion that adhesion of H-59 ceUs to hepatocytes rnay be cornple.'C

and involve multiple celI surface rnolecu1es.
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Figure 1: AlDino acid intemal sequeneing of partially purified H-59 PM

Partially purified H-59 PM preparations (containing 150 J.lg protein each)

were separated by SDS-PAGE and transferred to a PVDF membrane. InternaI

amino acid sequence analysis was performed on a 71 kDa protein band (total 7 J.l

g). (A). Results ofa Western blot analysis with MAb Coll. a: unfractionated H-59

PM b: G-200 chromatographed H-59 PM c: Ponseau S staining of ftactionated

H-59 PM (B). Partial amino acid sequence of the 71 kDa protein and comparison

toERp72.



• SD DD alOI ,;;ua gg U::aDI

A

\09

... .

""..
.::l lI,D 'D' 'D' 'D' 'D'-= n.,=Z- 'D" ClD DD..
U B

'DD ,,,, 'D'

Fluorescence Intensity

Figure 2: Flow cytometric analysis orB-59 cells surface-bound anti-ERp72(c)

antibody.

H-S9 cells were incubated with anti-ERp72(c) antiserum or NRS diluted

1:100 (A) or with MAb C-II ascites and NMS diluted 1:10 (B). The dotted lines

•

represent histograms obtained with cells incubated with nonnal serum while the

solid line histograms show results obtained with test antibodies. Each profile is

based on the analysis of5000 cells and the abscissa shows the relative intensity of

fluorescence. Approximate1y 60"/0 of H-S9 ce1ls stained positive1y with anti

ERp72(c) antiserum while 98% ofH-S9 cell stained with MAb C-ll ascites. Dnly

5% and 2% of H-S9 ce11s stained with NRS and NMS. The mean intensity of

fluorescence values were about 60 for anti-ERp72 antiserum and about 200 for

MAb C-II ascites.
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Figure 3: The anti-ERp72 antibody blocks the adhesion of H-59 cells to

hepatoc:ytes

H-59 cells were incubated with anti-ERp72(c) antiserum at dilutions of

1:10, 1:50 and 1:100. MAb C-ll ascites was diluted 1:10. The corresponding non

immune serum were used as contrais. Results are elCpressed as percentage of

adhesion obtained with non-treated H-59 cells and represent means and SD of

triplieates.
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Figure 4: ERp72 immunodepletion assays

ERp72 proteins were depleted from H-59 PM preparations with rabbit

anti-murine ERp72(c) antiserum using three cycles of immunoprecipitation.

Depletion was monitered by Western blotting. Shown are: H-59 PM preparations

before depletion (a-c), and after the second (d-i) and third 0-0) depletions. The

SDS-PAGE separated and NC transferred proteins were probed with MAb C-11

ascites at a dilution of 1:20 (a, cl, g, j, m), anti-ERp72(c) antibody (b, e, h, le, n)

and NRS diluted 1:500 (c, t: i, 1, 0).
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ChapterV

Cell adhesion molecllies (CAM) mediating cell-cell and cell - e.~racellular 

matrix interactions have been widely implicated in the process of malignant

dissemination. Our study bas focused on the role of cell-cell interactions between

liver metastasizing carcinoma H-59 cells and the liver parenchymal cells i.e. the

hepatocytes.

Using MAb C-ll produced by immunization with hepatocyte adherent H

59 cells (Fig. 5, page 74), we found that this MAb which could specifically block

the adhesion of tumor cells to hepatocytes, recognized a 64-71 kDa plasma

membrane glycoprotein (designated C-ll BP) with N-linked carbohydrate moieties

constituting approximate!y 43% ofits molecular mass.

The Coll BP was also detected on hepatocytes and inhibition assays

suggested that adhesion in this mode! required participation of the molecules

expressed on both cell types. Therefore the adhesion between tumor cells and

hepatocytes may be mediated by a homophi1ic recognition, or possibly by

heterotypic adhesion involving receptors and counter receptors expressed on both

cell types.

The cell adhesion molecllies LFA-l (aJ32) (Meijne et al., 1994), a$131

(Kemperman et al., 1994) and ~134 (Kemperman et al., 1993) have been

implieated in tumor cell - hepatocyte interactions in other tumor mode!s. Our in

vitro results indieated that C-ll BP is distinct from LFA-l because MAb C-ll did
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not reaet with lymphocytes and Coll BP could not be deteeted in Iysates of spleen

cells and thymocytes. As weil an anti-integrin 132 MAb failed to block adhesion of

H-59 cells to hepatocytes and an antibody to LFA-I had a minimal inhibitory effeet

on adhesion of H-59 cells to hepatocytes. Integrin CX6134 was a1so ruled out as a

mediator of adhesion- in our system since Fab fragments of an antiserum to CX6134

which blocked adhesion to hepatocytes of another tumor cell line namely,

mammary carcinoma TA31Ha, failed to block adhesion of H-59 cells to

hepatocytes and a1so did not inhibit H-59 metastasis to the Iiver. The molecular

mass of the Coll BP and the high content of N-lînked oligosaccharides a1so

suggest that the molecule is not an integrin.

cen surface expression ofN-lînked oligosaccharides particu1arly the 13,1-6 

branched N-lînked oligosaccharides have been lînked to the metastatic potential of

tumor ceIIs (Dennis et al., 1987). Our data revealed that a1though the N-lînked

carbohydrates in Coll BP were not essential for MAb Coll recognition they may

have participated and played a role in the adhesion since enzymatic removal of ceII

surface carbohydrates could reduce adhesion of the tumor ceIIs to hepatocytes.

However, the possibility ofinvolvement ofother glycoconjugates expressed on the

H-59 ceII surface cannot be ruled out. A previous study showed that H-59

metastases had increased levels of the peanut agglutinin (PNA) binding

carbohydrates l3-D-galactose and N-acetyl-D-galactosamine as compared with the

primary subcutaneous tumor, and the PNA binding molecules could a1so he found

on hepatocytes (Kahn et al., 1988). It is possible that this hepatic lectin - binding
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molecule which could be abnormally expresse<! on tumor H-59 cells is also

involved in tumor-hepatocyte adhesion. Another liver lectin namely the

asialoglycoprotein receptor has also been implicated in tumor cell adhesion to

hepatocytes as weil as to Kupffer cells and liver sinusoidal endothelial ceils (Kolb

Bachofen et al., 1984). It should be noted that treatment of H-59 cells with

neuraminidase or /3-galaetosidase fai1ed to modiJY adhesion, while treatment with

both enzymes only reduced adhesion by 50% suggesting that the

asialoglycoprotein receptor ifit is involved plays only a partial role in the adhesion.

The role ofthis receptor in H-59 adhesion remains to be investigated. Recently, the

ganglioside GM2 bas been detected on H-59 cells (Coulombe and Pelletier, 1993).

Since this ganglioside is a\so a predominant ganglioside on normal mouse liver

cells, it is conceivable that its expression on H-59 cells is funetionally imponant for

the establishment ofliver metastasis.

Two cell surface molecules with a molecular mass similar to the C-ll BP

which are also involved in cancer metastasis have been reponed. One of these

molecules is the 67 kDa laminin - binding protein isol&ted from the plasma

membrane of different tumor cells and hepatocytes as weil as from muscle cells

(Tryggvason, 1993). Since MAb C-ll did not block H-59 cells binding to laminin

(data not shown) or Matrige1 (the major components ofwhich are la.-ninin and type

IV coUagen) coated culture dishes, it appears that the molecule recognized by C

Il is different from the laminin - binding protein. Another molecule with

similarities to the C-ll BP is the 72 kDa oncofoetal glycoprotein 5T4 (Carsberg et
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al., 1995). This antigen is defined by a MAb raised against human placenta!

trophoblasts. It is expressed on rnany different carcinornas and in sorne normal

epithe!ia and it contains about 39% N-Iinked carbohydrate moieties (Hole and

Stem, 1990). However expression of this molecu1e could not be detected on liver

tissue suggesting that it is probably not identical to the C-I 1 BP. Alternatively it is

possible that the MAb used in the 5T4 study recognized an epitope not expressed

on liver cells. Additional experiments sueh as bloeking assays with anti-5T4

anubody in H-59 adhesion assays, anubody depletion analyses, and u1tirnately

amino acid sequencing will determine the relationslùp between these two

molecules.

The role of the tumor celI - hepatocyte interaction in liver metastasis was

confirmed by our in vivo data. It was found that MAb C-ll whieh bloeked this

adhesion a1so inlubited liver metastases formation. This inlubitory effect was organ

and anubody - specifie.

MAbs have been reported to lyse tumor ceUs by Fe mediated ADCC or

CMC host immune mechanisms (Goodman et al., 1990). This is not the case in our

mode! since MAb C-ll did not lyse H-59 celIs in vitro in the presence of

complement or syngeneie spleen celIs. Furthermore, the removal ofthe Fe portion

of MAb C-ll did not affect the inlubitory function either in vitro or in vivo.

The molecu1ar events whieh occur following arrest of tumor celIs in the

liver sinusoids and the role of tumor - hepatocyte adhesion are still a matter of

speculation (Fig. 6, page 119). After they enter the sinusoidal vessels of the liver,
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H-59 cells can adhere to sinusoidal endothelial cells through E-selectin - an

inducible liver endothelial cel1 receptor (Brodt et al., 1994). H-59 cel1s can also

produce ECM degrading enzymes, such as cathepsins B and L as wel1 as gelatinase

A to degrade ECM proteins (Brodt et al., 1992; Navab et al., 1995). These

enzymes may contribute to the invasiveness and migration of the turnor cel1s and

the establishment of cell-cel1 contact with the hepatocytes during the early stages

of liver colonization. On the other hand, sinusoidal endothelial cel1s lack a

continues BM and there is no BM around the hepatocytes (Sherlock and Dooley,

1993). Moreover, hepatoc-jte membrane microvil1i can project through endothelial

fenestrae for exposure to sinusoidal contents. Turnor cells can therefore interact

direct1y with the hepatocytes through adhesion rnolecules such as the C-ll BP

thereby facilitating liver rnetastases formation. In addition, hepatocytes can

regulate tumor ce11 growth in the liver through the re1ease ofIGF-1 which can bind

to the IGF-1 receptor expressed on H-59 cel1s (Long et al., 1994). Turnor cel1

adhesion to hepatocytes may enhance this paracrine stimulation by bringing the

two cells into close proximity to each other. This is consistent with results shown

by another group that tumor-hepatocytes contact was required for a growth

stimulatory effect exerted by a diffusible hepatocyte factor on a liver-rnetastasizing

subline ofB-16 melanoma (Sargent et al., 1988).

While the C-11 BP remains to be fully characterized through amino acid

sequencing or molecular cloning, the present results suggest that a second and

possibly C-11 BP associated molecule namely ERp72 may aIso be involved in the
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adhesion (Chapter IV). However the precise role ofthis molecule is unknown. The

membrane - associated ER proteins PD! and ERp72 have been reported to be

expressed on the surface of sorne cells (Weisbart, 1992; Mandel et al., 1993). Cell

surface PDI bas been shown to have a disulfide reductive cleavage function when

PD! expressing cells bound to a disulfide - 1inked complex (Mandel et al., 1993).

PD! may be involved in the activation of the toxic effect of membrane bound

diphtheria toxin - a disulfide 1inked heterodimer, since the membrane - impermeant

sulfhydryl blocker DTNB and anti-PD! antibody inhibited cytotoxicity of

diphtheria toxin (Ryser et al., 1991; Mandel et al., 1993). PD! was also shown to

be involved in HIV infection by reducing critical disulfide bonds in the vira1

enve10pe glycoproteins which may trigger conformational changes required for

HIV to fuse with the target cell membrane (Ryser et al., 1993). Since C-ll BP

contains intrachain disulfide bonds, it can speculated that ERp72 which may be

located in close proximity to C-ll BP on the H-59 ce11 membrane plays sorne role

maintaining the C-ll BP in a conformational state necessary for adhesion.

Other investigators have shown that antibodies dïrected to adhesion

molecules on the tumor ce11 surface which can inhibit ce11 adhesion mechanisms

such as tumor - endothe1ial ce11 or tumor ce1l - ECM interactions could also reduce

experimental metastases formation (Haming et al., 1993; Newton et al., 1995).

However, the present results provide the first indication that an antibody wbich

blocks tumor - hepatocyte interactions can also be inhibitoIY in vivo. Our results

demonstrated that MAb C-ll could inhibit liver metastases formation when the
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tumor cells were pretreated before the intrasplenic injection or when injected

direct1y by the i.v. or i.p. routes. Moreover, the inhibitory effect of the antibody

resulted in an inerease in survivai of tumor - bearing animais. These results provide

evidence that antibodies against tumor cell surface adhesion molecules which can

inhibit cellular adhesion and invasion, could potentially provide an effective

therapeutic tool in the c1inica1 management of metastases probably in combination

with conventional therapy.

Antibodies or other reagents directed to tumor cell adhesion molecules may

have an additional advantage for therapy if they are specifie for tumor cells or for

particu1ar secondary site. They may also be usefuI in the development of site

specifie drug de1ivery systems as carriers can be designed to deliver hormones,

drugs or toxins to particu1ar sites using synthetic peptides or antibodies which

recognize site - specifie determinants. However, most cell adhesion molecules are

also involved in normal physiologica1 processes in inflammation, tissue repair and

deve10pment where differential ceIl adhesion and migration are required. It is

therefore important to test whether these new molecu1es also play a role in these

physiologica1 processes. Since the blocking effect of ann"bodies or other CAM

inIu"bitors is like1y to be temporary, high serum concentrations of these reagents

need to be maintained through continuous infusion or by structure modification to

inerease their haIf life. Once these become possible, such anti-adhesion therapy

directed at interfering with the adhesion oftumor ce1ls to particu1ar host ce1ls may

represent a major new approach to the prevention and 1or treatment ofmetastases.
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Future studies:

Final identification ofthe C-11 BP will only be possible once an amino acid

sequence ana1ysis is perfonned on the purified protein, a goal l was unable to

achieve because of technical difficulties. This will require suflicient quantities of

highly purified protein which can be obtained through immunoaffinity columns

probably in combination with other fractionation procedures such as 2D gels or

HPLC. Alternatively, H-S9 A. gt11 cDNA expression horary could be screened

with MAb C-11 and the respective cDNA isolated and sequenced.



•

Figure 6. Possible mechanlsms Involved ln Iiver metastaSe5 formation by 0-59 tumor cells

After they enter the sinusoidal space of the Iiver, H-59 cells can adhere to sinusoidal endothelial
cells through the interaction of E-selectin with its ligand. H-59 cells can also produce ECM degrading
enzymes, such as cathepsins Band L as weil as gelatinase A to degrade ECM proteins. This may facilitate
H-59 cells adhesion to hepatocytes through the interaction of C-II binding protein and its receptor. This
IIdhesion may enhance growth stimulation by hepatocyte derived IOF-!. The membrane - associated
ERp72 may also play sorne role in the adhesion. The expression of ganglioside OM2 by H-59 ceUs and
adhesion of H-59 cells to laminin and fibronectin may also play a role in liver metastases formation.
(Adapted from Sherlock and Dooley, 1993).
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